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[00701 zffim^pm.^xM. i-^-^^.^rh^^ <^vi>h immnisvoi. 49. no. 1 3-^-5^ 

TifVAetn:/!ffU^ymbi-i^=-^J^'rhy^VrttitC tf, CuGaSz mUMffO^Jo) . CuGaSe 
^i^y^bifi&m^JSiZt*)^V. ^^^mR<^ 40 » (•feP>'^;{fy'>Z.) . CuGaTei (T;WHtffl 

-&«irtqgjS§iiTV>&fc«>Tife&. c:<oi^/;WcigK: :ff\J^M,) . Cu i nSi imm^yJ^J^) . Cu 

iB»m<^^MtX. OX:tzmrrtbm»fS I n Se» {^Vy^m^ y-J*?A) . C u I nTe 

~iB$fS^STit»/;W)»y;Wi:L, 4fur^'y;i« 2 (f-Mv^m^ y-j^M.) , Ag i n si («Kfl:^y 

i:f-^'-«>A-rf5^y:rn;Jf^i^Ffc)&^iSf<i:t»# y-^A) , Ag I nSei (^Vy^^ y-J'^M.) , 

traagflKS<0^y;Hb&«JgJ£S:h.5. Ag I nTei (xTP/HfcSS^f ys^'-^A) . Z n S e 

[0 0711 io^^/n^sot^trs-so^ia (^^^y{^ms^) . znTe (-fiP/HlM) v car 

mthb. m:^Mmtmmh^^m:-/Mm e (x^p/wbtrHS'^A) . cms (k^) v cui 

is^m^trnxfrnb^^ifmrth bbi»\i:^^^} [ 0 0 7 7 1 g^siish l-cu. SM^ec^^k 
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mmw<omb ix\i. * ms^) m i o o s 3 1 is^in?©* tcsgsn:ti5E#?L®^ 

>f hmimtiztmt^h, tt:. ma^mfR ioo84 1 meMmn^i=s^^tu::^mmiimi 

t:m!.imtLx&mttzbifivtt. mfthwmizmsfthmmi. mB'mm^iz-tt 

[00781 UEJS^Ji. m?\^i^itm^im^ tihimLti\.^{t^^^{iii:mm-i>yiMi:-tttit^ 

• ma. mmt LTtt. sag^ y ^^'-^ [ o o s s i mmmn'^iz^it^w^^Mii. s 

A. «afc{f»J'>A, «gi^. iSS@i». fiafc{rK5»>A -400mmo 1/1 *sjfiL< , S7^7ai>f3j->« 

^ftW^tiS. ^fc. mSkhVXM. «fl^-«. «rc»i5~20mmo l/l*«J:9»iL<. KflaSc 
a-lh-f ^^v'-^A. A. fS^. miSm. S *V<0J^TI±. l O 0~4 O O mm o l / 1 *SJ: 

^b&H5'>A^<0fl:^tt*«^f/s>n. ^:ii.<5.J4S7^ 0»ltUv «^S«OSgtt20~l ooximtL 

Mb t-CfflV^S. J:£ft^fc:|S^$*lS < . 2 2~7 OX^j&^Jt *)m LW 

::biiKi:<. im»»cm^^xi>x<. 2ms3Ltmt iooa6}t(^-&mmmmm(':mBmimi 

Xi>X\.\ mmnbtX. Wtft^Uy. :i(.mSt »i300~3 600|W»4K, 80 0~2400» 

A. ^jtss^*. iwi^ski.Tffi»rsc:i:*«T [00871 mxmcmLiiWSit&^mm 

[00791 J:£<OJ: o^msmMt:m>>^t:b ^ . * 5 0-6 0 0 

m^:tym.imm'i>::b'cwmMmnt^it^h x:mt t < , 1 5 o~6 o ox^ifix * lv>. 

7iM>(^y<nmiiitr:itifiv^i,m§s*m^*y ftiboi^»ii~6o^tF*u<. i5~304wj: 

l9iEMBKJ:->t:^$iUt**>f [00881 -112 

jTvasttpHo. 9-4. o*«jff*L<. pHi. 5 m2<r>ft^wm»mmmmii. ^<bi>im^ 

~2. 5*<J:»j»*u\ *i&>f:ty*i«ia±-«r»«+tc. awie^sito 
[00 801 i^fijiis^tT±s^^«i}<ot3:^. % 30 mmmsuL.tzfm$itm^mf^imBtti» 

# s . ^mmmb ixti. mta. n a c 1 04 (<a mmt:mmM^m±tzmm-h i><oT»>h ( j 

%^h>Jf>A) , LiClOi (iS^Uf-^A)^ ounal of Applied Physics. 
38fW^>*l.6. t3f£3at®Baii0. 0 5~lmo 1/ vol.82, 2. 655. 1997). 

1 *<r>#**ttf * Lw [00891 zfiiiitmsmmb xiiii. mfi^mm 

[00811 m,^^mmimmfimrttb^tz ymizx *)7im^:*yi:^u m^:fyi:m.it:ti> 

/U/ixj>fV. xjUTtiyWt. jtfUAT^y. XA'^-f 40 mat. ifi^toKftSTcRBtciOmS^TL®^* 

[00821 msmim^tzwA^tdiwmsimt Tim^tihts&ftSimmmi. mzim&^M:^'^ 

mB[ti>mi^fS'1[M^^m&xmaimM^tm V. ZnSe (-lrV>>flam) . ZnTe (x^l^;Hk3E 

(dTO-rsmfi^fcmE^fflBirtswi. mBc^msi: ») > cdTe (•f;wwb&HS'>A) , cuis (sg 

£^{r^wihiE^^^{4di{cjtti&rt£%s^ [0 0 9 0 1 t^ma. mfi>T^:*yb^hnsM^ 

tz-^<7mEMi^mmhf:iibtzmmmm>'> m&mmn^m^m^Lt:i><rfi&mth. mas 

t:ibi>Ttt, msmmmi.. mm^^ms. ma nbixn. (m.. mmm) mfim\>'^(>iit, t 
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[0091] ismi'^msmffsiimi^ 
i:-ittti><^TS>tiiiX\.\ mtii. ismtst L-ca. hsl 

[0 0 931 Se^fcLT^OJSftJft. 

Rffia}**trtBiMl:^««)«g8i. 1. Oxio '-^ 
2mo l/'l*«iff^t<. 2. 0X10-»~lmol/ 

[00941 i5iBJg«<'>sastt 2 o~ 1 0 ox:aj»4 L 

<, 2 2~7 0X:ASJ:9»*U\ mfc&«Mi 
^«cl^«glSfiISI»±3 00~3 60 0iWi6F*L<. 1 
2 0 0~2 4 0 QWfX Llf^. 

[0 0 9 5] t;/::. iD:@ri^t^i9iefbd«)^» 

si^fl:^«»^N«*«r»tia£fiprs**. 5o~6oo 
x:*«»*u<. i5o~5 5ox:*sj:o»*u>. ias 

ftft<0»«ai41-604hWff*K. 15-30^J: 

[00 9 61 -m3(^i£^ri6- 

9l3<^^«l^(4«<^>m^2. ^39:<i:«>^3rit[ 

<&&(Japan Journal Applied 
Physics V0136. L1146 1997 
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[00971 z.f\xt=m^mskbmt\.. mk^n^ 

^fe:|iB«$n^:v>3&«. CuGaSi (fSfl: 
ffl;irU'^A) , Cu I nSi («[^K«B>f :^i^''>A) . A 

si nst mmBAw^f^,) .Cuts {.wesx)^ 

[009 81 mSei?XAiiVb^3:h^SML 

[00991 I^SU. ±£^^CiS£$ii&c: k 
tt*<. lSMIlT«V>Tt»J:<. aaeUifiWBUTt 

x%h. m^m^ii.'iXwm.'^iMiimA^^y^ 

»±PH1. 5~4. 0*«jff*K. pH2. 5-3. 5 

[010 01ffleS?«^«ttWS::k*f»*L<. 6 0 
rpmJaTt1SBW-&C:i:3&«ffiUv SeK. iJIBifelil 

[01011 msmj'i?<^^mm>^wmM^ 

trl9IBfl:^«J<0«gai. 1. 0~20mmo l/l)i(S» 
*L<, 2. 0~10minol/l36i«Jt«)»*U\« 

e8?tt<^)aeii2o~4ox:!ef*»*t<. 2 2~3 5x: 

li2400~4800»3&«»iU<. 3000~360 
OIWJ:0»*Un 
40 [ 0 1 0 2 1 maLn:3o<^jiar^TJ^L^ 

If. 80~6 0 0iC*«fftL<. 8O~5OO*C*«J:0 
»*UV i8SSfl:«0l^»41-60^iffaL,<. 1 
5-3 O^X Off* ^«[ft!ft^<Di©^8 0- 
40 0'C. -b^>'jfi©©^300— 5 50X:. ^A'il* 

<rys%^. 4 0 o~6 0 ox:imt. tv^jftf. «ia4i&rL 

[01031 ^mfniosmmi. jato j: 3 =3:i8i^ 
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s^^ii^ircfts. mmmm.T)V)\^cmBUj'^tL^ii2 o mm o i / 

[01041 U 20mmo l/U lOmmo 1/1 t^r&idfc 

[|I»«I3 OT. *IHB<OSItt0!S^H^fflV>TilBBtS 10 *tdg«L. «[KfcT*#'f^>18S2. Otc^L^ 

*i«8i4r ti'i><oiiiiWK:M'?.isss*ts t><oT« t<Di&fflv^yi. ai^ ( p t ) ms^wisimsi: t . A g 

=3rv^. @3tt, ll*l0!l~3'C#S!L:t*l®«a<O /AgC 1 mSkimm&b *fe1^?L®^ft 

tdkismmymmm^h'o. men. ammiTH^ ra3 6oo»<r^rcdTe$^j<ai$^. mtik 

[010 5] {mmi)m3<r:mm^Ribtx ^tzx&^imtisMwsi'tjmL. dotwii 

;!r7X««rfflV\ -t<^J:ai«^^«ttlS2 LT I T $rf3?t:t . f^L;ft*l©m}ftt»t. AM 1 . 5 . * 

OI8«:10*tm«S$fc:rfX'ty^'fc:J:Ottat-t. 20 SISl 0 OmW/cm»Ojieiiffl8ie»aiRH!i6»^>K 

S«:d cX'Ky ^(rca>!^«ttR2<0TignK9ait^ ttUT. (ilitt«E. llii»B7', ISA 

mmm3ti.xAg(ntmi>ff'>ti. ^) im&u mmLti. 

[OloeJiJcfc. /\*-y7ra4i:LTTi02«e« [0111] (IIMs0!2) ||tt0«li:l^at:. 03«S 

^rK5& 0 . 2*tm«^$fc:T i Yjvyn^mLim^^xm mmmmst2^ Taoaoaj 

#yK28. 3g£l0 0ml<^^fejcx^'y-;WT^ 

U 2N<S»2. 7mlirl0 0ml<0il*x:^y-rt. [0112]Sefc:. ^HM^imscOlSUZ^t^m^ 

y^imBLim^RizmL. 2 o o o r pm-c4 o» flfastTttss^. -(k^tfaifcfflv^toicigjsii. ^ 

Oy^XXKya-hLtint. 50 0X:T20i^<r>^ 30 :t8®*->y'?'Aai^iS^S^^fL-f*l4 0 0mmo 1 

^n^K ><-y7rJi4*»jSLfc. Cli-C. Ji^ir:^ /U 30mmo 1/ i^ast^fiidt^trjffllf 

3-h»t;j«««yiiiBfa<^iHi?^i^-r*fc«>K:20 leiLfcfcoi&fflv^fc. *lt. ^^.titewsa 

SDjRL^f 4 5X:, mm 1 04h^^-CB9S^©^* 

[0107]»:t:. mM^tmSbLXTiOit: a5i&«jSL>t^*l^$*. CmS«r«SS* 

1. Ojumco^StiS^/HfcffiiciSiffiKfcrcmL fc. i<^, CuiSfl;^flMI*»««6«l®l40. l 

yro,-K=^i/ K 7 g . X:? y-;l.2 0 m 1 . *0 . 4 V\ ^^H^^mm^^rUm Ufc. 

g,«eo. 5 5gs^sig+. ^-cis^u 21^^ loiisimmzit-^iwmwmeiiz, dcx^^c^ 

ig^'-cttSL:^^. ;ki;t^ua«2. 5gt&ftii.TAi ^trt&±nmLx±st^mm7mAU dosm 

*^H!fU. 4 8i^iajftSL-C^tfc. ^<5>nfc»}«* 40 JfiJ^f^L^:. f^tfeWBSfifcov^T. USSMlk 

>N'->'7T®4«:mL3taSfcll«L. 2000 rpm HatMLfc. 

•C4 0»<^)*frTXty3-hLfc«. 4 50'CT20 [0114] (IQi«3) iaiMll:H«{C. H3<^ 

mm&trffW mMmwmsim&Lt:. z::X B»eSSSl±t:. iSB»TOttJa2. TSOROajL^ 

■rititbtz 1 0@SO£Uf ofc. fc. 

[0 1 08] Si. mLii^uyrmAmi^^ [0 1 1 51 Htc. mM^mmst^jdSitzit'&m- 

im5tix\iya'-htzX*)m&LX\>^&titf>^Tmi mumsbLXl-l I i-VijB8*»<?>^:6Culn 

]R9ajt^€ffi3±0/N'-y7rJi4»V§t?m^«c » A<?«lS4»'e#t-eih.3 0mmo 1/U 1 5mmo 1/ 
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tiT*«>f :t>«e2 : 5 {:n®&Jtfetfy?«t^fr. * ®s?«i(>imff ^ t : a g/A g c 1 mffi*#sa^i: '- 

*c;i£E*tg5>r3K^^>Xt^U/i3fci&M»LTC LT- 1 V, aA«3t43 C ( :?-o» <^^TC u 

i OlSflfl:^*^:. dot ^im^iU^1t^9^im [01221 aftfcfl:^!B»¥^ft®6±fc. d c^^-'ty 

101161 fiatcfl:^!Bj^ti#ftJi6±fc. dcxy^-y 10 umAL. itdSkw^iimtti, fmvttisskw&iz 

imtti.mLtda&miicovY^^mmitm [01231 (mm5)m5<f)m&&imiRitLx 

[01171 (5lit0!4)H4<^S8flfflftB39Rli:UT OH*10jum<^)©S<Crf;iWty^(Cj:0«9itfc. 

;if9x«*iav\ -e<o±a5fcjSB^ttK2i: tr i t mtzdcx^iy^tzxmmmm2<vrmL*)tiiL^ 

OR* 1 0/xin<O^§fcr f ;^>ty:?t:J: 0»aLfe. 6^*34: Ag<oaat>^i-?fc. 

igK:dc>V'Cy:?fcT»»MimttlS2<OTaDiX0aJL^ [01241»:tC. ^^yyrmAbtXT iOi(/)&e 

aSfiiSfcLTAgWjjaifcff^fc, *IBi&0. 2Mm«>©5fc:Tiy;ky;WSiBEi&JBV^T» 

[01181 iicfc. ^J?L®^ft« 5 f: LXT i Oi* atfe. fflv^fcT i "-/fi^yn^mui. ^i^y^ VT^i? 

1. 0xtmO^§|c«^y;Wftafc:J:6Sfi«fc:TJBifet 20 =¥>'K0. Imiii 00mi<^)ii*x^'y-;i''C«R 
fc. iiTfflV^fc«^;HiaSfci4»i«4, W 2NS»2. 7m l * l O Om i<^^fe*X^y-;W 

Vra;Jf=^^>'K7g. X^'/-4^20m 1 . *0. 4 TieRLfeSjS^janFLT^Lfc. ^J?.*VfeT i y;l. 

g. WKO. 55gi&S«4'. ^Tii^U 2l$iaS yyl'SSS-tftl^tC^U 2000rpmT40» 

*+-c2SSUfca, ;Kt;r^ y7Ma2 . 5 gSjmiTJn <^)^tx tya-h L/tft, 4 5 ox:-c2 ©^^(^xsiia 

mmiRtzmtst. 2 0 0 0 r pm-c4 o»<^)^-ex 3-hat^^sis«sii4j5ra<oia©*ie»rsfc«>K:20 

i^ya- h Li::^. 4 5 0X:-C2 OtJhO«ift*tf i. V ^ SOS Wf ofc. 

?LSt^*Wi 5 ^JgjfeUfc. iiTJJExeya- ha [ 0 1 2 5 1 iJcfc. ^mJt^fWi 5 k LTT i 0» * 

t/i^i£«iatil3i»r3OlS@*l^i^XXC10@S 1. 0)um(0^$(=^^;Ml&CJ:&^(CT^j£t 

[01191i5tfc:. li[aiJ?LS^IWi5*TE18J§S yro;K'¥i^H7g. X:?y-;W2 0m I , *0. 4 

( 1 ) xm^titRumfUf^^y-fi^ (ssi o g. mto . 55gissis>p. m&cm&i., 2mi 

-3mo 1/1 ) JCjaaL. i8«fe*9t:J:Sii®«!ai& *4»T»gLfc». H?yT^»J/H82. 5giMx.XM 

liofc. *^H!fL. 48l«HttaLT^Lyt. ^/5»<li;;ilS8[* 

[0120] ''^•y7r€4*mt.^M(;^%U 20 00rpm 

[fl:il •C4 0gxO^-CXt:^ri-ht/i^. 4 5 0X:T2 0 



[01211 St:, -e<0±:»K:^^«»iNWt;16 i: LT II - V I nMtf^iy^tCdTeimMVitiUzX 0 

I - 1 1 1 -V 1 7^*»4»^:scu I n setimm m^^, z;ix. mmvrtbtzm^'^mimti. 

m-m. KR'fyy'^A. *S&feW><?>i8®6*-t#l-P ;P;U0SeA«^tl'm2 0mmo 1/1 , 20mmo 1 
il30mmol/U 1 5mmo 1 /1 . 400mmo /l, 1 Ommo 1/ 1 i:=5:&J: dt^KSSIftX, 15 
l/li:=S:6J:dt:*t:JS»tr. ^'xyKfcTjJcS^f » Kt:T;*«-f:t5^2. 0JcilSLfc<><O*fflv^fc. 



(1) 




[ 0 1 2 6 1 iJCtC, i?a#J?L©^«cB5 *bJE1«^ 

( 1 ) xm^iitRumco:c^y->i'mes. (sai o 

-3ino 1/1 ) (C^U )iSfe%9(Cj:ii|^«»* 
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e&(Pt)Sffi*«l6lf|ffitL. Ag/AgCimffi 
#«tmffifc:*tLT-7 0 0mV, «EB«IIII^36 00 

(01281 mttz4t&mmim6±iiz^ d cx^t^ 
[0129] (mime) mums tmmtz.m5<»j& 

HWeS3^1±t:, ^^ttlfi2. TSBROait^ 

I- 1 I I-VIj^)&»i?>5rSCu InS»Srm»flf{fitc: 
it2,0mmo\/\^ 20mmol/K 1 Ommo 1 

&i. 3i:wm.iti>ff>^m\'^ti. ( p t ) wsk 
msmkbu Ag/Agc imffiSr#!!amsfcu. * 

- 1 1 0 OmV^ W^S^2CnSf^'QCM I n St 

[01311 «SMcfl:^*¥«*a6±fc:. d cxyty 

[0132] {}mni)m<fismmmik.vx 

OR* 1 0/im<OffSfc:r f OljffllLfc. 
MCd cX''C^:J'{CTjii«^©BS2«TaJR0ajt^ 
emffi 3 i: LT A giOttSfcff 
[0133li5?{c. a?KtgBB*««cS8i:tt:. Ti 
Oii&i. 0iiinO^$K:Tiy;py;patcj:^ig8lk: 

o,1f^5/H28. 3g«:10 0ml*|7ja:^y-/P7?f6 40 
f?L, 2NJiiJ2. 7mli&100inl<^^SNcxi'y- 
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A'X^Ltms.imfLxwm.Lti. ^/oiiytTiv 

/('^AMM JmnfiUCLM-Ai 2'00 0 r p m'C4 0 
m^XX\i>^-Vl,1t1k. 4 50X:T2 0^<^ 

-rSfcftfc 1 OH^OiSLffoyi. 

[ 0 1 3 4 1 xfc:. -eoJifflfcft^ft^p^frae i: lx 

I I-Vl7^^>?rSCdTe*m»l>fa5K:J:OI^ 

■t*l-rh.3 Ommo 1/1 , 1 5mmo 1/1, 400 
mmol/li:'5:SJ:3tc*{c»»UT, «ai8fcT?f^ 
>f:t>18ffi2. Ot^L>tfc<^)*fflV>yt. a^(P 
t ) me^jifiai^h Ag/AgC l%S»#t!gS 

fflmffifcLT. liga#«SSffit:i*tT2 0mV. *}8j8 
^gOrttOiSfeft-CCdTeS^t^^-frt. cot^oc 

dTe^^&mmme<n«mt2umxh'>it. 

ifii:XB^iimL±M^W&li:mLL. iJI«ll 

[01361 (ifc!R0!2)lda!H|5i:^fc:. B7<Da 
mi^l±C, 3i)^rattlS2, TSOKOyit^ 
«ffi3. A,r7rJi4, ^J?ia4s»*li5. i»8t^9 

[01371 z.ff>f(^wmiim 5ifim^iu:M 

k , LX&^l 1 AcnmUmf^iVfi: i t 

oif^xiki:m^i>^m. -&<mnmnLx 

m.i:^mm.i:mmLx»!^jiA^. mwrnsm 
mio 'mAi. id^wAumtt:. wmk. tx 

m. (mitx4 : iffm^) i om i xh^ra 

e;PT>f:tr^Kl. 44gkH*^0. 0 76gi:i& 

ifcKfSi 1 -2<^^WIS»iTW 1 tc^. 
[01381 

[mi 
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nth Mg 


,. Bit Vac. 

J A * ill 


. B9WBtr ■ 


. XSSiV 




CX/u 




U.DU 


T cn 
iM 


9IB9I2 


CX65 


17iJ 


GLd5 






ULIKl 


OCX 


flTO 
UL/W 






OM 


1&0 


066 


6J8 




0j65 


1M 


065 


7j09 




070 


16j6 


065 








1Z1 


055 


SjOZ 




0jB3 


142 


060 





[01391^1 ffy^^^ . mm 1 ~6<0*||BB<0 * l±50r:»cM+t:T9a^Srff ofc. 

^ta*tt. »^fcit?L®$-fflv^Tv^s^A. mist^ [01421 mm^m^^tdmsizjFrt^f^jm 

mint^w^{mim\'^tz.btzx*)^yyi'-ry [oi43] (mma) m<^mio3mi^m¥Jm 

[0140] (mm7)m8ff)mi<ommmmi WL'n±^mimM^^ttm42bLxmspioi^. 

C:<^)JiSfemJUiil#lgaTiOifflgS^J:EfiBi* yrn;Jf=¥i^ K7g. x^/-;|.20il. *0.4g. 

0 1 / 1 ) (cast Ll^iraiiyi^fTV^mt:/::. ^ 4CU yiHS2.Ss»Al;lAl;tc^$«(;4c20K)48 

ia»^ji3 i<f)im:.^'z<nm?(mm3 sbtx 40 leraasLi^sn/t. fs^miozmn. msmoim 

1 - II I - V I jiMii-^^iftMli&iiWmtiit^-X 0 W:.tzmLVt:meii2O00rfm^ Amt'^XXiryzi 

isa»^ yi^'n^Aij j:if^:t«soi8e**-5-ti-f fi3 0 m t:, z</)b^.a-h ^xx^m,iimsBimff)fmim 

mol/K ISmmol/U 1 2 5mmo 1/ 1 i: 3ttSfci6t:2|slMi0jiWf-:>fc. iJCtCJiEflBSSt 

IgfiTiOifflSifcfffflmffif: UT. B9i3#!!limSJc«LT 4 Ot^co^TXtya-h SCTC^+SeSL-fm 

-iv.*»a2rc.&^«it»3C(^-oy)<o*fr 
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ll«c44fcLTI -I I I-Vl7C^«.=5:SCiiInS2-& ' 

;^l'€^^t3 0mmo l/U ISmmol/l^ 125m 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor device characterized by carrying out the laminating of a porosity semi- 
conductor layer and the minerals semi-conductor to order. 

[Claim 2] The semiconductor device according to claim 1 with which said porosity semi-conductor layer 
is characterized by including a metallic oxide. 

[Claim 3] The semiconductor device according to claim 1 with which said minerals semi-conductor 

layer is characterized by including a compound semiconductor. 

[Claim 4] The semiconductor device according to claim 1 with which said semiconductor device is 
characterized by being used as a solar battery. 

[Claim 5] The semiconductor device characterized by having an organic layer between said porosity 
semi-conductor layer and a minerals semi-conductor. 

[Claim 6] The semiconductor device according to claim 5 with which said organic layer is characterized 
by being a monomolecular film. 

[Claim 7] The semiconductor device according to claim 5 with which said organic layer is characterized 
by being sensitizing dye. 

[Claim 8] The semiconductor device according to claim 5 with which said inorganic semi-conductor 
layer is characterized by including a compound semiconductor. 

[Claim 9] The semiconductor device according to claim 8 with which said compound semiconductor is 

characterized by being titanium oxide. 

[Claim 10] The semiconductor device according to claim 8 with which said compound semiconductor is 
characterized by being a copper sulfide indium, 

[Claim 1 1] The semiconductor device according to claim 5 with which said semiconductor device is 
characterized by being used as a solar battery. 

[Claim 12] The semiconductor device characterized by having an organic monomolecular layer between 
two inorganic semi-conductor layers. 

[Claim 13] The semiconductor device according to claim 12 with which said semiconductor device is 
characterized by being used as a solar battery. 

[Claim 14] The manufacture approach of the semiconductor device characterized by immersing the 
configuration element of an inorganic semi-conductor, or the semi-conductor layer which has an organic 
layer on a porosity semi-conductor layer or a fi"ont face in the solution containing the compound 
containing that configuration element, and forming an inorganic semi-conductor layer in said porosity 
semi-conductor layer or organic layer in this solution. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to a suitable semiconductor device to use as a 
solar battery, and its manufacture approach about a semiconductor device and its manufacture approach. 

[0002] 

[Description of the Prior Art] The semiconductor device was realized by these inorganic semi-conductor 
of the oxide semiconductor represented by the compound semiconductor represented by the semi- 
conductor of the element system represented by silicon (Si) etc., gallium arsenide (GaAs), etc., and the 
zinc oxide (ZnO) until now. **** for which the structure made into representation as a semiconductor 
device uses an electron or an electron hole as a majority carrier — the so-called pn junction component is 
used. Furthermore, the transistor which used pn junction abundantly is used for many products as a 
semiconductor device. The organic substance has the advantage which can realize a function which is 
represented by the sensitizer used for the fibn of the organic substance photo conductor carried in the 
copy machine, the printer, etc., and a photograph etc., an organic electroluminescence ingredient, an 
organic semiconductor, etc. by the molecular design. In recent years, development research, such as pn 
junction, is performed by the organic semiconductor like an inorganic semi-conductor, and the efforts to 
commercial production are continued. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in an inorganic semi-conductor, there is a problem 
which cost not only becomes a large amount, but a very high technique is needed and it applies to 
simplicity in the manufacture in the case of giving a function as a semiconductor device by Si and GaAs. 
Furthermore, if the function of equipment is not only limited by the property of the inorganic selected 
semiconductor material, but*the semiconductor device which used only the inorganic semi-conductor is 
not produced in the form where the structural special feature of an inorganic semiconductor material, for 
example, matching of a lattice constant etc., was fully taken into consideration, it makes causes, such as 
degradation of a property. On the other hand, about the ingredient itself and a semiconductor device, the 
manufacturing cost of the organic substance is low in comparison, and is simple in manufacture of 
equipment. However, a practical thing cannot be told to electrical characteristics required in order to 
make it function as a semiconductor device, and the Lord about resistance and mobility on the special 
feature of the organic substance. Then, an inorganic semi-conductor and the organic substance are 
combined, and taking advantage of the point that both were excellent in cost, and the simplicity and the 
property of manufacture, respectively, by giving one side of an inorganic semi-conductor and the 
organic substance, or both a special feature, the above-mentioned trouble can be solved and it can use as 
a new component. 

[0004] The purpose of this invention is to be made from the above-mentioned viewpoint and offer the 
semiconductor device excellent in the simpHcity on low cost and manufacture, and functionality, and its 
manufacture approach. 
[0005] 
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[Means for Solving the Problem] As a result of inquiring wholeheartedly, this invention persons are 
adopting a specific ingredient and structure, and found out solving the technical problem of the above- 
mentioned semiconductor device and its manufacture approach. Namely, semiconductor device of this 
invention <1> It is the semiconductor device characterized by carrying out the laminating of a porosity 
semi-conductor layer and the minerals semi-conductor to order. 

<2> Said porosity semi-conductor layer is a semiconductor device given in the above <1> characterized 
by including a metallic oxide. 

<3> Said minerals semi-conductor layer is a semiconductor device given in the above <1> characterized 
by including a compound semiconductor. 

<4> Said semiconductor device is a semiconductor device given in the above <1> characterized by 
being used as a solar battery. 

<5> It is the semiconductor device characterized by having an organic layer between said porosity semi- 
conductor layer and a minerals semi-conductor. 

<6> Said organic layer is a semiconductor device given in the above <5> characterized by being a 
monomolecular film. 

<7> Said organic layer is a semiconductor device given in the above <5> characterized by being 
sensitizing dye. 

<8> Said inorganic semi-conductor layer is a semiconductor device given in the above <5> 
characterized by including a compound semiconductor. 

<9> Said compound semiconductor is a semiconductor device given in the above <8> characterized by 
being titanium oxide. 

<10> Said compound semiconductor is a semiconductor device given in the above <8> characterized by 
being a copper sulfide indium. 

<1 1> Said semiconductor device is a semiconductor device given in the abpve <5> characterized by 
being used as a solar battery. 

<12> It is the semiconductor device characterized by having an organic monomolecular layer between 
two inorganic semi-conductor layers. 

<13> Said semiconductor device is a semiconductor device given in the above <12> characterized by 
being used as a solar battery. The manufacture approach of the semiconductor device of this invention 
<14> It is the manufacture approach of the semiconductor device characterized by immersing the 
configuration element of an inorganic semi-conductor, or the semi-conductor layer which has an organic 
layer on a porosity semi-conductor layer or a front face in the solution containing the compound 
containing that configuration element, and forming an inorganic semi-conductor layer in said porosity 
semi-conductor layer or organic layer in this solution. 
[0006] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with the 
example of illustration. The semiconductor devices of this invention are the semiconductor device which 
has an organic layer between the semiconductor device with which the laminating of (1) porosity semi- 
conductor layer and the minerals semi-conductor is carried out to order, (2) porosity semi-conductor 
layer, and a minerals semi-conductor, and a semiconductor device which has an organic monomolecular 
layer between (3) 2 ** inorganic semi-conductor layers, the [ so-called element periodic-table /, such as 
a SHIRINKON (Si) element with which the inorganic semi-conductor in these semiconductor devices is 
known now, ] - IV group's single elemental semiconductor, gallium arsenide (GaAs), etc. may be the 
so-called compoimd semiconductor, and you may have the property of a semi-conductor with the 
metallic oxide represented by titanium oxide. There may not be a limit of the gestalt of this inorganic 
semi-conductor, and may be a single crystal, polycrystal and amorphous substances, or these mixed 
gestalten. Furthermore, in order to improve conductivity, the impurity as a dopant may be contained in 
this inorganic semi-conductor. A limit has this semiconductor electrode neither about a configuration, 
structure nor magnitude, and it can be suitably chosen according to the purpose. 
[0007] the above-mentioned organic layer in this invention that in which especially itself have fimctions 
( for example , luminescence , charge generation , etc. by external stimulus ) be say that what is 
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necessary be just the film which consisted of hydrocarbon compounds , especially an organic 
monomolecular layer be desirable and an organic monomolecular layer can be suitably choose from 
well-known organic single molecules in itself that what is necessary be just what can exist by the single 
molecule of the organic substance and can be support in this semi-conductor layer . Said organic 
monomolecular layer does not have functions, such as a charge generating ingredient and a fluorescence 
ingredient, like said organic layer, and it is limited to neither this ingredient nor said function. 
[0008] This organic monomolecular-layer ingredient as a charge generating ingredient Metal complexes, 
such as Ru, Azo pigment, a quinone system pigment, a perylene system pigment, an indigo system 
pigment, a thioindigo system pigment, A bis-benzimidazole system pigment, phthalocyanine pigment, 
the Quinacridone system pigment, A quinoline system pigment, a lake system pigment, an azo lake 
system pigment, an anthraquinone system pigment, An oxazine system pigment, a dioxazine system 
pigment, a triphenylmethane color system pigment. An AZURENIUMU system color, a SUKUWE 
allium system color, a pyrylium system color, an organic pigment or colors, such as a triaryl methane 
system color, xanthene dye, a thiazin system color, and cyanine dye, — a condensed ring aromatic series 
system pigment, a perylene system pigment, and azo pigment are still still more desirable in respect of 
the sensibility, electric stability, and photochemistry-stability over exposure light. Independent or the 
thing mixed two or more kinds may be used in what was raised here. 

[0009] What is the coloring matter addition fluorescence ingredient which added the dopant as a 
fluorescence ingredient in the laminating structural steel worker fluorochrome of the electronic 
transportability fluorescence ingredient and hole transportability fluorescence ingredient which make an 
aluminum complex representation, or a both-sexes transportability fluorescence ingredient, or said 
fluorochrome, especially added chestnut marine 540, cyanogen methylene pyran system coloring matter, 
and the Quinacridone derivative is desirable. Of course, this organic monomolecular-layer ingredient 
was limited to neither a charge generating ingredient nor a fluorescence ingredient. Moreover, the 
approach of making an organic single molecule sticking to one [ this ] inorganic semi-conductor can 
dissolve or distribute the ingredient which makes a suitable solvent constitute an organic single 
molecule, and can be performed by immersing this inorganic semi-conductor in these solution or 
dispersion liquid. In addition, the ingredient which makes an organic single molecule constitute is 
evaporated in a vacuum, and it can carry out also by the approach of making it adsorb in a gaseous phase 
etc. 

[0010] A self-organizing method etc. can be used for the concrete adhesion approach, for example, LB - 
- Langmuir-Blodgett which accumulates an organic monomolecular layer where law developed the 
molecule which has the end group of a hydrophilic property on the gaseous-phase-liquid phase(water) 
interface and occupancy area of the developed molecule is made into min — you may be law (following 
LB law). In this LB method, in order to make occupancy area of a molecule into min, the end of a 
gaseous-phase-Hquid phase(water) interface decreases the occupancy area of a push molecule using the 
fixture called the barrier, and a molecule consistency is made high. You may be a chemisorption method 
by forming an organic monomolecular layer on this inorganic semi-conductor using a condensation 
reaction with the reaction radical exposed to the front face of one [ this ] inorganic semi-conductor, for 
example, a hydroxyl group, and the hydrolysis nature functional group prepared in the end of an 
admolecule. Since the component and this inorganic semi-conductor of a monomolecular layer react 
chemically and chemical bonds, such as -Si-0-, -germanium-0-, and -Ti-0-, are formed, a mechanical 
strength can have the organic monomolecular layer which is strongly [ it is large and ] excellent in 
endurance with heat. 

[00 11] Moreover, since the admolecule which has a thiol group can be used for a change of said 
hydrolysis nature functional group, the component and this inorganic semi-conductor of an organic 
monomolecular layer react in this case and the covalent bond by -S- is formed, like admolecules, such as 
a silane system, a germanium system, and a titanate system, a mechanical strength can be greatly strong 
with heat, and can also have an organic monomolecular layer excellent in endurance. A silane system 
compound is suitable in composite ease, reinforcement, and a class especially. Moreover, an organic 
monomolecular layer is generable also on this inorganic semi-conductor whose front faces, such as a 
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particle, are not smooth. 

[0012] Moreover, as for said organic layer, it is desirable that the above-mentioned organic 
monomolecular layer has deposited more than dyad, and it is formed by the above-mentioned 
manufacture approach etc. 

[0013] An organic layer can be formed in distributing and applying the functional organic substance, 
such as said organic fluorescence ingredient as said charge generating ingredients and 
electroluminescence ingredients, such as sensitizing dye, etc. to the binding resin in an organic solvent. 
This binding resin Polyvinyl butyral resin, polyvinyl formal resin, Polyvinyl-acetal system resin, such as 
partial acetalization polyvinyl-acetal resin with which a part of butyral denaturalized by the formal, the 
aceto acetal, etc.. Poly amide system resin, polyester resin, denaturation ether mold polyester resin, 
Polycarbonate resin, acrylic resin, polyvinyl chloride resin, polyvinylidene chloride resin. Polystyrene 
resin, polyvinyl acetate resin, a vinyl chloride vinyl acetate copolymer. There are silicone resin, phenol 
resin, phenoxy resin, melamine resin, benzoguanamine resin, a urea-resin, polyurethane resin, Polly N- 
vinylcarbazole resin, polyvinyl anthracene resin, a polyvinyl pyrene, etc. A uniform coat is formed by 
distributed coating liquid being stable over a long period of time, and using the coating Hquid by 
polyvinyl-acetal system resin, a vinyl chloride-vinyl acetate system copolymer, phenoxy resin, and 
denaturation ether mold polyester resin often distributing a pigment especially in these, and a pigment 
not condensing, consequently an electrical property is improved, and improvement in the engine 
performance can be aimed at. However, if it is resin which can form a coat in the usual condition, it will 
not be limited to these. 

[0014] these binding resin is independent — or two or more kinds can be mixed and it can use. The 
mixing ratio of a functional organic substance ingredient and binding resin is a deposition ratio, and its 
range of 5:1-1:2 is desirable, independent [ in organic solvents usually used, such as a methanol, 
ethanol, n-propanol, n-butanol, benzyl alcohol, methyl Cellosolve, ethyl Cellosolve, an acetone, a 
methyl ethyl ketone, a cyclohexanone, a chlorobenzene, methyl acetate, n-butyl acetate, dioxane, a 
tetrahydrofuran, a methylene chloride, and chloroform, ] as a solvent used in case coating liquid is 
adjusted — or two or more sorts can be mixed and it can use. 5-micrometer 0.1-2.0 micrometers are 
preferably suitable for the thickness of an organic layer from 0.01. If it becomes difficult to form the 
functional organic material film in homogeneity if thinner than 0.01 micrometers and it exceeds 5 
micrometers, trouble will be caused at the time of deposition of the 2nd semi-conductor layer. 
[0015] Moreover, stabilizers, such as an antioxidant and a quencher, can also be added in an organic 
layer. As an antioxidant, a phenol system, a sulfur system, the Lynn system, an amine system 
compound, etc. are raised, for example. As a quencher, bis(dithio benzyl) nickel, di-n-butyl thio 
carbamic acid nickel, etc. are raised. 

[0016] Between an organic layer and this inorganic semi-conductor, an undercoating layer is prepared 
and the thing of it can be carried out. As binding resin used for an undercoating layer, polyamide resin, 
vinyl chloride resin. Vinyl acetate resin, phenol resin, polyurethane resin, melamine resin, 
Benzoguanamine resin, polyimide resin, polyethylene resin, polypropylene resin, Polycarbonate resin, 
acryhc resin, methacrylic resin, vinylidene chloride resin. Polyvinyl ASETA R resin, a vinyl chloride 
vinyl acetate copolymer, polyvinyl alcohol resin. Water-soluble polyester resin, a nitrocellulose, casein, 
gelatin, Polyglutamic acid, starch, starch acetate, amino starch, polyacrylic acid, Well-known 
ingredients, such as polyacrylamide, a zirconium chelate compound, a titanyl chelate compound, a 
titanyl alkoxide compound, an organic titanyl compound, and a silane coupling agent, can be used, 
moreover, these ingredients are independent ~ or two sorts can be mixed and it can be [ can have and ]. 
Furthermore, particles, such as titanium oxide, an aluminum oxide, oxidization silicon, a zirconium 
dioxide, barium titanate, and silicone resin, are also mixable. The method of applying at the time of 
forming an under-coating layer can be with the usual approaches, such as a blade coating method, a wire 
bar coating method, a spray coating method, a dip coating method, a bead coating method, the air-knife- 
coating method, and the curtain coating method. 0.01-10-micrometer 0.05-2 micrometers are preferably 
suitable for the thickness of an under-coating layer. 

[0017] Moreover, especially a limit may not have the gestalt of a porosity semi-conductor, for example. 
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it may be the floe of a particle, and may be the groove which can be formed by etching. By this porosity- 
ization, it becomes large and a property can improve greatly a plane-of-composition product with an 
organic layer from the semiconductor device of the former [ charge separation / which is performed near 
the interface ]. 

[0018] The inorganic semi-conductor (1 1 and 13) of drawing 1 and the energy band of an organic layer 
12 are shown, and the principle of operation of (2) of the above-mentioned invention and the 
semiconductor device of (3) is explained. For example To this organic layer 12 or this organic 
monomolecular layer 12, by the stimulus from the outside When using an electron 18 and an ingredient 
which is generated in the pair of an electron hole 19 The inorganic semi-conductor 1 1 in which one side 
of this inorganic semi-conductor layer has the conduction level 15 lower than the LUMO (Lowest 
unoccupied molecular orbital) energy level 17 of this organic layer 12 or the organic monomolecular 
layer 12 With consisting of these inorganic semi-conductors 13 in which another side has the valence- 
electron level 14 higher than the HOMO (Highest occupied molecular orbital) energy level 16 of this 
organic layer 12 or the organic monomolecular layer 12, a photodiode function What it has is realizable. 
Moreover, when this organic layer emits light by the electronic hole injection, or when this organic 
single molecule ingredient is an ingredient which emits light by the electronic hole injection, also giving 
the function of light emitting diode can also be realized. Unlike an inorganic material, by materials 
designs, such as a color which emits light, since it is simpler than an inorganic material design, this 
organic layer or this organic single molecule ingredient can give various properties to the semiconductor 
device of this invention. Moreover, in the above-mentioned explanation, if the energy-design is carried 
out so that electron-hole separation or association of an electron hole may be performed in an organic 
layer or this organic monomolecular layer, it is not the limitation of the above-mentioned explanation. 
[0019] The semiconductor device of this invention can be manufactured by depositing on an organic 
layer or an organic substance monomolecular layer in the solution with which at least one side of said 
inorganic semi-conductor layer contains the configuration element of this inorganic semi-conductor, or 
the compound of the element. A semiconductor device with a desired function can be realized without 
not needing the processing in the indispensable elevated temperature at the time of inorganic semi- 
conductor formation for this inorganic semi-conductor in the inside of this solution by deposition of a up 
to [ this organic layer or this organic monomolecular layer ], but collapsing this organic layer or this 
organic monomolecular layer with heat. 

[0020] This inorganic semi-conductor layer can be made to form in deposition of the inorganic semi- 
conductor layer to an organic organic substance [ of the semiconductor device of this invention ], and 
monomolecular-layer top with the solution grown method using the solution with which at least one side 
of this inorganic semi-conductor contains the configuration element of this inorganic semi-conductor, or 
the compound of the element. Although deposition means the deposition in an electrodeposition process, 
the chemistry bath depositing method, etc. which are a well-known technique on an organic layer or an 
organic monomolecular layer in the solution containing the configuration element of this inorganic 
semi-conductor, or the compound of the element, as long as it does not carry out high temperature 
processing of said above-mentioned explanation in the solution contaming the configuration element of 
this inorganic semi-conductor, or the compound of the element but can build this inorganic semi- 
conductor layer, you may be deposition of what kind of approach. It is good that a solution grown 
method is an electrodeposition process preferably. 

[0021] This electrodeposition process carries out this inorganic semi-conductor deposition by being 
immersed and energizing the electrode which countered the base which deposits a desired inorganic 
semi-conductor on the solution which contains the configuration element of this inorganic semi- 
conductor, or the compound of the element at least, and which can be energized, and this base between 
this base and this electrode in this solution. 

[0022] It faces performing an electrolytic deposition method general to drawing 2 , and a required 
configuration is shown. The solution 22 containing the configuration element of the inorganic semi- 
conductor of a request in an organ bath 21 or the compound of the element is filled. In a water solution, 
of course, a solution 22 will not be restricted, if it is the solvent with which the configuration element of 
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this inorganic semi-conductor or the compound of the element melts, there is no solution 22 ~ the base 
23, the reference electrode 24, and counterelectrode 25 which it is [ counterelectrode ] alike and make a 
desired inorganic semi-conductor support are inimersed, a base 23, a counterelectrode 25, and a 
counterelectrode 25 are connected to a potentiostat 26, forward potential is impressed to negative 
potential and a counterelectrode 25, and reference potential is impressed to a reference electrode 24 at a 
base 23. A base 23 makes an organic monomolecular layer support on the porosity semi-conductor layer 
in this invention, the thing which made the organic monomolecular layer support on an inorganic semi- 
conductor, the thing which made the organic layer support on a porosity semi-conductor, or a porosity 
inorganic semi-conductor. Reference potential is the potential for holding uniformly to the potential 
which targets potential of a base 23, and S C E (SaturatedCalomel electrode; saturation calomel 
electrode) or a silver-silver chloride electrode is used as criteria. A reference electrode 24 is used in 
order to change a base 23 to desired potential. When an electrochemical reaction advances on a base 23, 
potential may change near base 23 front face. A potentiostat 26 is changed to the potential of the request 
of the potential of a base 23 to the potential to a reference electrode 24, in order to control the above- 
mentioned potential change. Moreover, since an electrochemical reaction advances during energization 
with a solution, a potentiostat 26 can carry out that the current on which resistance of this solution 
changes and flows changes for this current to regularity by armature- voltage control. The anode process 
currently described by the above-mentioned explanation is the most suitable. 
[0023] Furthermore, the semiconductor device of this invention is effective as a solar battery. This 
invention relates to the above-mentioned solar battery characterized by an organic layer or an organic 
monomolecular layer being the organic substance ******** sensitizing dye organic substance which 
generates an electron or an electron hole by extraneous light exposure in said solar battery. This 
sensitizing dye can be suitably chosen from well-known coloring matter in itself that what is necessary 
is just what shows a photosensitization operation, this - sensitizing dye - ****** — for example - 
rhodamine B - a rose bengal ~ eosine ~ four - carboxy - two - * - four — ' - five ~ ' - seven — ' - 
tetraiodo fluorescein — erythrosine — etc. — a xanthene dye — the kino — cyanine — KURIPUTO ~ 
cyanine — etc. ~ cyanine — a system — coloring matter — phenosafranine — thiosin — a methylene blue — 
etc. ~ basic dye ~ chlorophyll - zinc ~ a porphyrin ~ MAKUNESHIUMU — a porphyrin ~ etc. ~ a 
porphyrin - a system - a compound - in addition - azo dye — a phthalocyanine — a compound — Ru — 
tris — a bipyridyl ~ etc. etc. — a complex compound - anthraquinone — a system — coloring matter ~ 
polycyclic ~ a quinone — a system — coloring matter - etc. etc. — raising — having — . 
[0024] In said solar battery, it is invention about the above-mentioned solar battery characterized by at 
least one side of an inorganic semi-conductor layer being a metallic oxide. This metallic oxide is ZnO 
(zinc oxide), Sn02 (tin oxide), In 203 (indium oxide), and Sn02-In 203 (solid solution of tin oxide and 
indium oxide.), abbreviated names ITO, Ti02 (titanium oxide), ZnO (zinc oxide), and Nb2 - it is 
desirable to consist of at least one, such as 05 (niobium oxide) and SrTi03 (strontium titanate). Among 
this, it is more suitable that a metallic oxide is titanixmi oxide. In order to control carrier concentration 
etc., the above-mentioned ingredient into which an impurity's introducing and a presentation ratio were 
changed can also be used. 

[0025] Furthermore, in said solar battery, it is invention about the above-mentioned solar battery 
characterized by at least one side of an inorganic semi-conductor layer being a compound 
semiconductor. As for this compound semiconductor, it is desirable to consist of lb, Illb, and a VIb 
group element. For example, the compound semiconductor which consists of lb, Illb, and a VIb group 
element CuGaS2 (copper sulfide gallium), CuGaSe2 (selenium-ized copper gallium), CuGaTe2 
(tellurium-ized copper gallium) and CuInS2 (copper sulfide indium), CuInSe2 (selenium-ized copper 
indium) and CuInTe2 (tellurium-ized copper indium). It is desirable that it is the mixed solid solution of 
the compound chosen from at least one compoimd semiconductor chosen from AgInS2 (silver sulfide 
indium), AgInSe2 (silver selenide indium), AgInTe2 (tellurium-ized silver indium), etc. or the above- 
mentioned compound group. 

[0026] Moreover, in order to perform control of carrier concentration etc., the above-mentioned 
ingredient into which an impurity's introducing and a presentation ratio were changed can also be used. 
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However, this invention is not limited to the above-mentioned compound semiconductor. Said 
compound semiconductor is more desirable than it is a mixed-crystal system compound semiconductor 
by CuInS2, CuInSe2, CuGaSe(s)2, or those combination. It is known as the so-called KARUKO pyrite 
mold structure compound semiconductor, the conduction type of p mold tends to take the above- 
mentioned compound semiconductor group, and since the light absorption in a visible term field is large 
also in a compound semiconductor, it can carry out many carrier generating rather than it is based on 
optical pumping. 

[0027] Moreover, the compound semiconductor which consists of lib and a VIb group element may be 
at least one compound semiconductor chosen fi-om ZnSe (zinc selenide), ZnTe (zinc telluride), and 
CdTe (cadmium telluride). Preferably, it is the compound semiconductor of the mixed-crystal system by 
CdTe, ZnTe(s), or those combination. Moreover, in order to perform control of carrier concentration 
etc., an impurity can introduce and the above-mentioned ingredient which carried out the presentation 
gap can also be used. However, this invention is not limited to the above-mentioned compound 
semiconductor. Said compound semiconductor is carried out as the so-called II- VI group compound 
semiconductor, and has the **** wurtzite mold crystal structure, and since electron transition is a direct 
mold, there are few losses of the electron transition by optical pumping. Moreover, said compound 
semiconductor can control carrier concentration by installation of an impurity etc. that it is easy to use a 
conduction type as both sexes or p mold. Furthermore, this compound semiconductor may be a certain 
compound which consists of lb and a VIb group element. For example, the compound semiconductor 
which consists of lb and a VIb group element is good in ****** which are Cu2S (copper sulfide) and 
Cu2Se (selenium-ized copper). Moreover, in order to perform control of carrier concentration etc., an 
impurity can introduce and the above-mentioned ingredient which carried out the presentation gap can 
also be used. However, this invention is not Hmited to the above-mentioned compound semiconductor. 
A conduction type turns into p mold with stoichiometric composition, and the above-mentioned 
compound semiconductor is easy to produce. However, the electron hole by which induction was carried 
out in said sensitizing dye by the exposure of not only the compound semiconductor that consists of 
elements in the periodic table raised above but sunUght should just move to a counter electrode contrary 
to this oxide light semiconductor electrode. 

[0028] Moreover, in the solar battery of said this invention, the dynamic range of absorption can be 
opened by using not only the absorption of light by said sensitizing dye but the compound 
semiconductor which is an ingredient with a large light absorption multiplier as said semi-conductor 
layer. By the above, this solar battery can aim at improvement in conversion efficiency. Moreover, 
reduction of the cost concerning manufacture of this solar battery is realizable by the electrolytic 
deposition method. 

• [0029] Moreover, the light of a visible region points out the hght of the range whose wavelength is 
about 350-950nm to below, and this is equivalent to about 3.5-l.OeV energy. 
[0030] The fundamental configuration of the solar battery of [solar-battery] this invention has the 
transparent conductive film on a transparent insulating substrate, has the transparent porosity semi- 
conductor layer which penetrates the light of a visible region on it, and has further the compound 
semiconductor layer which is a layer which absorbs light at a it top. As for the solar battery of this 
invention, it is desirable to have the buffer layer (precise layer) which consists of same ingredients as a 
porosity semi-conductor layer between the transparent conductive film and a porosity semi-conductor 
layer. Moreover, as for the solar battery of this invention, it is desirable that a porosity semi-conductor 
layer has sensitizing dye. 

[0031] Drawing 3 is the sectional view showing the configuration of 1 operation gestalt of the solar 
battery of this invention. The transparent conductive film 2 is formed on the transparence insulating 
substrates 1, such as a glass substrate, on it, the laminating of a buffer layer 4, the porosity semi- 
conductor layer 5, and the compound semiconductor layer 6 is carried out to order, and they consist of 
these operation gestalten. This solar battery is a super straight-way type, and incidence of the sunhght is 
carried out fi-om the lower part by the side of a substrate 1 (i.e., the inside of drawing 3 ). 
[0032] It connects with the transparent conductive fihn 2 as a lower electrode, the lower ejection metal 
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electrode 3 is formed, and the up metal electrode 7 is formed on the compound semiconductor layer 6 as 
an up electrode. Although there may be both an n mold and a p mold about the conduction type of the 
porosity semi-conductor layer 5, in order to perform incidence of light from a porosity semi-conductor 
layer side and to use it as a window layer, it is desirable from the point of light transmission nature that 
it is n mold. Moreover, although p mold also exists in an oxide semiconductor, manufacture is difficult 
and the n mold is more desirable from the point of manufacturability. Since the absorption of light of the 
compound semiconductor itself is good, the compound semiconductor layer 6 is used as a light 
absorption layer. Therefore, since the life of the hole where the direction which used the p type 
semiconductor is generated after an electron excites by light is comparatively long, a short-circuit 
current can be enlarged and it is suitable to the electronic excitation by light. 
[0033] In this configuration, although the compound semiconductor layer 6 functions as a light 
absorption layer, the generation of carriers by optical pumping mainly happens by the junction interface. 
That is, the porosity semi-conductor layer 5 is formed from the transparent quality of the material to the 
light, and functions as a window layer, and a carrier mainly generates it in the junction interface of n 
mold porosity semi-conductor layer 5 and p mold compound semiconductor layer 6. Here, in this 
operation gestalt, the porosity semi-conductor layer 5 has the vesicular structure which consists of much 
micropores. At this time, by forming a compound semiconductor also into such micropores at the time 
of formation of the compound semiconductor layer 6, the area of the junction interface of the porosity 
semi-conductor layer 5 and the compound semiconductor layer 6 increases, and a carrier incidence rate 
and the energy conversion efficiency by it improve greatly. 

[0034] Moreover, it increases also about the effectiveness of dispersion of the light produced with the 
vesicular structure of such a porosity semi-conductor layer 5 in case light carries out incidence to the 
compound semiconductor layer 6, and the use effectiveness of the light improves by this compared with 
what has the flat incidence side front face of the compound semiconductor layer 6. 
[0035] Furthermore, by adopting this structure, while being able to take out more carriers by which 
optical pumping was carried out as a photocurrent because a carrier disappearance rate falls, it becomes 
possible to raise the optical confinement effectiveness, and the energy conversion efficiency of a solar 
battery improves also according to such effectiveness. 

[0036] Moreover, in the operation gestalt shown in drawing 3 , the buffer layer 4 is further formed 
between the transparent conductive film 2 and the porosity semi-conductor layer 5. This buffer layer 4 is 
formed by precise structure, i.e., the structure which is not a vesicular structure, using the transparent 
quality of the material to the same light as the porosity semi-conductor layer 5. By forming such a buffer 
layer 4, the leakage current of the carrier generated in the compound semiconductor layer 6 can be 
prevented, and decline in the effectiveness of a solar battery can be controlled. However, what is 
necessary is not to be necessarily required about this buffer layer 4, and just to form in especially the 
value of the leakage current posing a problem greatly etc. 

[0037] Drawing 5 is the sectional view showing the configuration of other operation gestalten of the 
solar battery of this invention. Sensitizing dye 9 is sticking to the front face of the porosity semi- 
conductor which constitutes the porosity semi-conductor layer 5 with this operation gestalt. As for 
sensitizing dye, it is effective to be used in order to aim at spectrum matching with sunlight, to make 
sensitizing dye adsorb, and to carry out spectral sensitization to the absorption property of a porosity 
semi-conductor layer. When Hght sensitizing dye is used also especially in sensitizing dye at this time, 
since sunlight is absorbed effectively and high photoelectromotive force is generated, it is desirable. 
[0038] (Transparent conductive film) As an ingredient of the transparent conductive film deposited on a 
transparence insulating substrate in the solar battery of this invention, they are ZnO (zinc oxide), Sn02 
(tin oxide). In 203 (indium oxide), and Sn02-In 203 (solid solution of tin oxide and indium oxide.). It 
is desirable to consist of at least one of abbreviated names ITO. Moreover, the above-mentioned 
transparent conductive film ingredient may also contain the impurity for making it low resistance. 
[0039] In order for the solar battery of this invention to carry out incidence of the light from a 
transparence insulating substrate, also in low resistance, it is needed that permeability is large in the 
visible region of light, but since the transparent conductive film mentioned the accoxmt of a top has the 
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absorption end of 350nm of light wave length, the light incidence to said compound semiconductor layer 
used as a light absorption layer of it becomes possible. 
[0040] (Porosity semi-conductor layer) 

- Porosity semi-conductor - Although said porosity semi-conductor layer consists of porosity semi- 
conductors, as for this porosity semi-conductor, consisting of a metallic oxide is desirable at the point 
which can enlarge whenever [ permeability / of light /, and porosity ]. As said metallic oxide, it is 
desirable that it is at least one of Ti02 (titanium oxide), ZnO (zinc oxide), and the Nb(s) 205 (niobium 
oxide), and using as an n mold oxide semiconductor is desirable. It is desirable at the point that that it is 
titanium oxide can enlarge whenever [ porosity ] in this invention especially. Moreover, in order to 
control carrier concentration etc., the above-mentioned ingredient which changed introducing an 
impurity and a presentation ratio can also be used. 

[0041] Although this porosity semi-conductor needs a thing transparent like said transparent conductive 
fibn, compared with CdS usually used as a window layer in the solar battery by the thin film compound 
semiconductor, the above-mentioned porosity semi-conductor has a band gap as large as 3eV or more, 
and there is almost no carrier generating by optical pumping in a visible region, and it is desirable as a 
window layer. Moreover, as compared with CdS, control of surface formation is easy and porosity-izing 
is also easy control. 

[0042] In addition, although the same semiconductor material as a porosity semi-conductor layer is used 
also about a buffer layer, there is no porosity-ized limping gait crack. 

[0043] The manufacture approach of the solar battery of this invention is explained below to [the 
manufacture approach of a solar battery]. The covering fihn (porosity semi-conductor layer) of said 
porosity semiconductor material can be made to deposit by well-known approaches, such as a metal 
anode oxidation method, a cathode deposition method, screen printing, a sol gel process, the oxidizing 
[ thermally ] method, a vacuum deposition method, dc and rf spatter, a chemical-vapor-deposition 
method, an organic metal chemical-vapor-deposition method, the molecular-beam depositing method, 
and the laser ablation method. Moreover, the covering film of said porosity semiconductor material may 
be produced combining the above-mentioned deposition approach. The semiconductor electrode 
production approach given in JP,1 1-144772, A which is an especially well-known technique is more 
desirable as the production approach of the covering film of said porosity semiconductor material. 
[0044] The covering film (compound semiconductor layer) of said compound semiconductor ingredient 
can be made to deposit by well-known approaches, such as a metal anode oxidation method, a cathode 
deposition method, screen printing, a sol gel process, a vacuum deposition method, dc and rf spatter, a 
chemical-vapor-deposition method, an organic metal chemical-vapor-deposition method, the molecular- 
beam depositing method, and the laser ablation method. Moreover, the covering film of said compound 
semiconductor ingredient may be produced combining the above-mentioned deposition approach. They 
are a cathode deposition method or screen printing more preferably. 

[0045] (The formation approach of a porosity semi-conductor layer) In the solution containing the 
compound which has one or more sorts of fiinctional groups which interact with a metallic-oxide 
precursor and this metallic-oxide precursor as one approach of forming the porosity semi-conductor 
layer in the solar battery of this invention The 1st process which obtains the distributed sol of the colloid 
which said metallic-oxide precursor is made to react, generates compound gel, and consists of a 
metallic-oxide particle. This sol is appHed to a base material, this is dried or calcinated, and an approach 
including the 2nd process which forms the porosity semi-conductor layer which has micropore on the 
transparent conductive film on said transparence insulating substrate is mentioned (it may be called the 
"compound gelling method" below). 

[0046] At said 1st process, since the formation reaction of a metallic-oxide particle advances in the gel 
by which diffusion was regulated, neither formation of a big and rough grain nor sedimentation of a 
particle takes place, but the colloidal dispersion sol solution which the particle with a small particle size 
distributed to homogeneity can be obtained. In the so-called sol gel process, in the case of for example, a 
metal alkoxide, a metallic-oxide precursor comrade hydrolyzes and gels by carrying out a dehydration 
condensation reaction, but the network of chemical firm three-dimension association of -M-O-M- (here. 
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M is a metallic element and O is an oxygen element.) is fomied in this case, and it cannot be made to 
solate again, and once it gels, processing by means, such as spreading, cannot be performed. On the 
other hand, by the approach of making a metaUic-oxide precursor reactmg and obtaining compound gel 
in the solution .containing the compound which interacts with said metallic-oxide precursor and this 
metallic-oxide precursor, it can be made to solate again by using the property of the interaction of the 
compound which interacts with a metallic-oxide precursor, and it becomes possible to give the 
outstanding workabiHty. 

[0047] Here, as said metallic-oxide precursor, metallic compounds, such as a meltable metal halogenide, 
a metal complex compound, a metal alkoxide, metal carboxylate, or a chelate compound, etc. are' 
mentioned to the solvent to be used. As a concrete compound, for example TiC14 (titanium 
tetrachloride), ZnC12 (zinc chloride), Metal halogenides, such as WC16 (tungsten hexachloride), SnC12 
(stannous chloride), and SrC16 (strontium chloride), A nitrate and general formula M(OR) n (here, M is 
[ an alkyl group and n of a metallic element and R ] the oxidation numbers of a metallic element.), such 
as Ti (N03)4 (nitric-acid titanium), Zn (N03)2 (zinc nitrate), and Sr (N03)2 (strontium nitrate) The 
metal alkoxide expressed is mentioned. 

[0048] As said metal alkoxide, zinc JIETOKISHIDO, tungsten hexa ethoxide, vanadyl ethoxide, tin 
tetra-isopropoxide, strontium diisopropoxide, etc. are mentioned, for example. 
[0049] Here, use of the double alkoxide which contains the metal of the component in formation of 
compound metal oxide layers, such as strontium titanate, in a molecule at two sorts or variety 
coincidence is also possible. For example, when forming the metal oxide layer of titanixmi oxide, as a 
metal alkoxide, titanium tetra-isopropoxide, titanium tetra-normal propoxide, titanium tetra-ethoxide, 
titanium tetra-normal butoxide, titanium tetra-isobutoxide, titanium tetra-tertiary butoxide, etc. can use it 
preferably, for example. 

[0050] Moreover, a carboxyl group, the amino group, hydroxyl, etc. are mentioned as a functional group 
which interacts with said metallic-oxide precursor. Moreover, as a functional group which interacts with 
a metallic-oxide precursor, it may have one or more sorts of said functional group like amic-acid 
structure. Moreover, the compound which has one or more sorts of functional groups which interact with 
said metallic-oxide precursor is a compound which has a carboxyl group, the amino group, hydroxyl, 
and one or more sorts of functional groups chosen from amino acid structure. It is a high molecular 
compound especially preferably. As an example of such a low molecular weight compound, 
dicarboxylic acid, diamine, diol, a diamide acid, etc. are mentioned. 

[005 1] Moreover, the high molecular compound which has a carboxyl group, the amino group, 
hydroxyl, and one or more sorts of functional groups chosen from amic-acid structure into a principal 
chain, a side chain, or a bridge formation part as an example of a high molecular compound is 
mentioned. Especially as principal chain structure of said high molecular compound, although not 
limited, what has the structure of arbitration, such as these copolymers structures, such as polyethylene 
system structure, polystyrene system structure, polyacrylate system structure, polymethacrylate system 
structxire, polycarbonate system structure, polyester system structure, cellulose system structure, silicone 
structure, vinyl system polymer structure, polyamide system structure, polyamidoimide system 
structure, polyurethane system structure, and poly urea system structure, is mentioned. 
[0052] Moreover, as a high molecular compound which has said carboxyl group, the amino group, 
hydroxyl, and one or more sorts of functional groups chosen from amic-acid structure into a principal 
chain, a side chain, or a bridge formation part, especially use of a metallic-oxide precursor and the 
polyacrylic acid which has a carboxyl group in a side chain from a viewpoint that the gestalt of an 
interaction is suitable is desirable. Furthermore, the high molecular compound which has one or more 
sorts of functional groups which interact with said metallic-oxide precursor may be the copolymer of the 
high molecular compound which has the functional group which interacts, and the high molecular 
compound which has said same principal chain structure where it does not have a carboxyl group, the 
amino group, hydroxyl, and amic-acid structure. According to the purpose, mixed stock with the high 
molecular compound which has said same principal chain structure where it does not have two or more 
sorts of mixed stock or a carboxyl group, the amino group, hydroxyl, and amic-acid structure may be 
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used for the high molecular compound which has one or more sorts of functional groups which interact 
with said metallic-oxide precursor. As for the average degree of polymerization of the high molecular 
compound which has one or more sorts of functional groups which interact with said metallic-oxide 
precursor, 100 to about 10 million are desirable, and 5000-250000 are more desirable. 
[0053] It can use, if metallic-oxide precursors, such as alcohols, such as a methanol, ethanol, 
isopropanol, and a butanol, and a formamide, dimethylformamide, dioxane, benzene, are dissolved and a 
metallic-oxide precursor does not react as a solvent. 

[0054] Hereafter, the formation approach of a porosity semi-conductor layer is explained in detail by 
making into an example the case where a metal alkoxide is used as a metalUc-oxide precursor. 
[0055] Said metal alkoxide is first added to said solvent (for example, organic solvents, such as 
alcohols). Furthermore, acids, such as a hydrochloric acid, a nitric acid, a sulfuric acid, or an acetic acid, 
are added as water required to hydrolyze said metal alkoxide partially and a catalyst. The amount of the 
water added here and acids can be suitably chosen according to extent of the hydrolysis nature of said 
metal alkoxide to be used. Next, it heats under a desiccation nitrogen air current at room temperature - 
150 degree C (preferably room temperature - 100 degrees C), stirring said mixed solution obtained (or 
reflux). Also with said reflux temperature and time amount, **** selection can be made according to the 
hydrolysis nature of said metallic-oxide precursor to be used. Said metal alkoxide will hydrolyze 
partially as a result of said reflux. That is, since the amount of said water contained in said mixed 
solution is extent small quantity which is not enough to fully hydrolyze the alkoxyl group of said metal 
alkoxide, in said metal alkoxide expressed with general formula M(OR) n, it did not hydrolyze but all 
the -OR radical will hydrolyze partially as a result. A polycondensation reaction does not advance in 
said metal alkoxide in this condition of having hydro lyzed partially. For this reason, even if the chain of 
-M-O-M- is formed between said metal alkoxides, said metal alkoxide will be in an oligomer condition. 
The mixed solution after said reflux containing said metal alkoxide in this oligomer condition is 
transparent and colorless, and does not almost have the rise of viscosity, either. 
[0056] Next, the temperature of the mixed solution after said reflux is lowered to a room temperature, 
and the high molecular compound (preferably polyacrylic acid) which has one or more sorts of 
functional groups chosen as this mixed solution from a carboxyl group, the amino group, a hydroxy 
group, and amino acid structure is added. In this case, originally said high molecular compound which is 
hard to dissolve in organic solvents, such as alcohols, dissolves in this mixed solution easily, and a 
transparence sol is obtained. The carboxyl group and said metal alkoxide of said high molecular 
compound join together by the salt formation reaction, and this is considered to be because for a 
macromolecule complex-like compound to be formed. This transparence sol is usually a transparent and 
colorless homogeneity solution. 

[0057] this transparence sol - further - the water of an excessive amount - in addition, room 
temperature - by holding to about room temperature -100 degree C preferably, and making 150 degrees 
C of reactions continue further, this transparence sol gels from several minutes in about 1 hour, and the 
compound gel which has the letter structure of bridge formation of said high molecular compound and 
said metal alkoxide is formed. 

[0058] If the compound gel obtained is further held for 5 to 50 hours about (usually about 80 degrees C) 
room temperature -90 degree C and a reaction is made to continue, this compound gel will be dissolved 
again and a translucent metallic-oxide particle colloidal dispersion sol will be obtained. This is because 
the salt structure by said high molecular compound and said metal alkoxide decomposes and it changes 
to a metallic-oxide particle, carboxylate, etc. while a polycondensation reaction advances by the 
hydrolysis reaction of said metal alkoxide. 

[0059] The metallic-oxide fihn with micropore is formed by drying or calcinating after applying the 
translucent metallic-oxide particle colloidal dispersion sol obtained by the above to the transparent 
conductive film deposited on the transparence insulating substrate. 

[0060] A DIP coating method, a spin coating method, the wire bar method, and a spray coating method 
are mentioned to especially the concrete target that can perform said applying method by the well- 
known approach [ be / no limitation ]. Moreover, to desiccation, the desiccation and fi'eeze-drying which 
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are performed using ovens, such as an air dried and oven, are possible. Moreover, the approach of 
evaporating a solvent using devices, such as a rotary evaporator, may be used. In this case, **** 
selection can be made [ for the purpose of the temperature of desiccation, time amount, etc. ]. 
[0061] Moreover, having dried said metallic-oxide particle colloidal dispersion sol (removal of the 
liquid component containing said solvent) may be unable to remove said high molecular compound or 
its resultant with drying temperature. In this case, calcinating is desirable, in order to remove these 
further and to consider as a pure metallic oxide. Said baking can be performed using a furnace etc., and 
although it changes with classes of high molecular compound which has said functional group used as 
temperature of baking, generally the temperature of about 400 degrees C or more is adopted. 
[0062] By said baking, an organic macromolecule component pyrolyzes and disappears at the same time 
crystallization of a metallic-oxide particle and sintering of a metallic-oxide particle take place. A 
porosity semi-conductor layer is obtained by said desiccation or said baking. 
[0063] In formation of said porosity semi-conductor layer, since the formation reaction of a metallic- 
oxide particle advances in the compound gel by which diffusion was regulated, neither formation of a 
big and rough particle nor the condensation by sedimentation of a particle takes place, but the metallic- 
oxide particle colloidal dispersion sol which the ultrafine particle with a small particle size distributed to 
homogeneity can be obtained. Moreover, when said metallic-oxide precursor is an alkoxide, it lets the 
process of a hydrolysis reaction and a dehydration polycondensation reaction pass, and separates into the 
high-molecular-compound phase and metallic-oxide network phase in which what was a molecule 
complex-like homogeneity phase has the functional group which interacts, and microfacies isolation 
construction is formed, in this way, the metal oxide layer which has two or more sorts of micropores of 
the macropore formed between each particles and the macropore formed in the particle condensation 
interphase is obtained ~ things - ** 

[0064] About the volume ratio of the magnitude of the metallic-oxide particle of said metal oxide layer, 
the period of metallic-oxide particle condensation structure, a metallic-oxide particle condensation 
phase, and an opening phase For example, the addition of the compound which has one or more sorts of 
functional groups which interact with a metallic-oxide precursor to said metallic-oxide precursor. It is 
controllable by the rate to said whole mixed solution of the formed element which set the compound 
which has one or more sorts of functional groups which interact with said metallic-oxide precursor and 
metallic-oxide precursor to desired extent. 

[0065] Namely, if the addition of the compound which has a metallic-oxide precursor and one or more 
sorts of functional groups to calcinate is increased If the rate to said whole mixed solution of the formed 
element which set the compound which has one or more sorts of functional groups which interact with 
the increase of a volume ratio, said metal section oxide precursor, and metallic-oxide precursor of the 
opening phase in the metal oxide layer obtained is reduced Although the period of the metallic-oxide 
particle condensation structure acquired becomes small and the consistency of an opening phase 
increases, the magnitude of the metallic-oxide particle itself becomes large. 

[0066] The additions of the compound which has one or more sorts of functional groups which interact 
with a metallic-oxide precursor to said metallic-oxide precursor differ according to the rate to said whole 
mixed solution of said formed element, and are selectable suitably, and generally 0.1-1 are desirable at a 
weight ratio, and also 0.2-0.8 are desirable. If a precise metal oxide layer with little macropore will 
become easy to be made if the addition of the compound which has one or more sorts of functional 
groups which interact with a metalUc-oxide precursor which carries out a metallic-oxide precursor pair 
is lowered, and it is less than 0. 1 in said weight ratio, since the big three-dimension network of -M-O-M- 
will be formed, compound gel may not remelt. Moreover, if an addition is raised conversely and 1 is 
exceeded, a comparatively big opening will be generated and it will be easy to become a transparent 
metal oxide layer. 

[0067] Although it is selectable suitably since it differs according to the addition of the compound which 
has one or more sorts of functional groups which interact with said metallic-oxide precursor and 
metallic-oxide precursor as a rate to said whole mixed solution of said formed element, 1 - 10wt% of 
generally it is desirable, and 2 - 5wt% is more desirable. If advance of a compound gelation reaction will 
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be slow, a metallic-oxide particle will be formed in the state of a fluid high transparence sol, if said rate 
is less than [ 1 wt% ], a big and rough particle will be formed and 10wt% is exceeded on the other hand, 
compound gel with it may not be obtained. [ the quick advance to compound gel from a transparence sol 
and ] [ uniform ] 

[0068] Below, the case where titanium tetra-isopropoxide is used as a metal alkoxide is made into an 
example, and the formation approach of a porosity semi-conductor layer is explained in more detail. 
[0069] First, titanium tetra-isopropoxide is added to alcohol and a mixed solution is prepared, under the 
present circumstances - although water and the acid as a catalyst are added by alcohol - this water - 
titanium tetra-isopropoxide — receiving - a 0.1 time mol - equimolar grade and this acid ~ titanium 
tetra-isopropoxide receiving ~ about a 0.05 time mol -0.5 time mol - adding, respectively is 
desirable. It flows back under a desiccation nitrogen air current, stirring the mixed solution obtained at 
room temperature -80 degree C. Reflux temperature here and time amount have 30 minutes - about 3 
desirable hours at 80 degrees C. A transparent mixed solution is obtained as a result of this reflux. 
[0070] In this mixed solution, titanium tetra-isopropoxide has hydrolyzed partially and is in an oligomer 
condition. The temperature of this mixed solution is lowered to a room temperature, and polyacrylic acid 
is added. Originally the polyacrylic acid which cannot melt into alcohol easily dissolves in this mixed 
solution easily, and a colorless transparence sol is obtained. This is because the carboxylic acid and 
titanium tetra-isopropoxide of polyacrylic acid join together by the salt formation reaction and the 
macromolecule complex-like compound is formed. If the water of an excessive amount is further added 
to this transparence sol and it holds at room temperature -80 degree C, this transparence sol will gel in 
for [ several minutes ] - about 1 hour, and compound gelation of the structure of cross linkage which 
contains polyacrylic acid and titanium tetra-isopropoxide at least is formed. 

[0071] If this compound gel is held at about 80 degrees C for 5 to 50 hours, this compound gel will be 
dissolved again and a translucent sol will be obtained. This is for the salt structure of polyacryhc acid 
and titanium tetra-isopropoxide decomposing, and changing to titanium oxide and carboxylate while the, 
hydrolysis reaction and polycondensation reaction of titanium tetra-isopropoxide advance. 
[0072] With a DIP coating method etc., the obtained sol solution is applied to a suitable substrate, and is 
heated to elevated temperature about 400 degrees C or more. A giant-molecule phase will pyrolyze and 
the titanium oxide particle of the shape of film which titanium oxide condensed in the phase separation 
condition will be formed at the same time crystallization of a titanium oxide particle and sintering of 
titanium oxide particles advance with this heating. 

[0073] As an amount of the polyacrylic acid to titanium tetra-isopropoxide, 0.3-0.7 are desirable at a 
weight ratio. When the big three-dimension network of -M-O-M- will be formed if said weight ratio is 
less than 0.3, gel may not dissolve and 0.7 is exceeded, a comparatively big opening may be generated 
and it may become a transparent layer. 

[0074] Moreover, as a rate to said whole mixed solution of the formed element of titanium tetra- 
isopropoxide and polyacrylic acid, 1 - 10wt% is desirable. When said rate is less than [ lwt% ], advance 
of a compound gelation reaction may be slow, a titanium oxide particle may be formed in the state of a 
fluid high sol, and a big and rough titanium oxide particle may be formed. On the other hand, if 10wt% 
is exceeded, compound gel with it may not be obtained. [ the quick advance to compound gel from a 
transparence sol and ] [ uniform ] 

[0075] (The formation approach of a compound semiconductor layer) 

- The 1st formation approach - the formation approach of the 1st compound semiconductor layer The 
transparent porosity semi-conductor layer which penetrates the light of the visible region formed on the 
transparent conductive film on a transparence insulating substrate into the electrolyte containing the ion 
of the element deposited at least, Electrochemically an oxidation reduction reaction by inter-electrode 
[ which arranges the electrode which counters this porosity semi-conductor layer, and counters this 
porosity semi-conductor layer and this porosity semi-conductor layer ] A lifting, Said compound 
semiconductor layer is formed on this porosity semi-conductor layer (surface technical Vol.49, No. 1 3- 
page 1998). 

[0076] Said process is the approach of it being called an electrolytic deposition method, and the 
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configuration element ion in an electrolyte being returned according to a current, and making a 
compound semiconductor depositing on the cathode electrode of said porosity semi-conductor layer. 
The compound semiconductor produced at this process For example, CuGaS2 (copper sulfide gallium), 
CuGaSe2 (selenium-ized copper gallium), CuGaTe2 (tellurium-ized copper gallium), CuInS2 (copper 
sulfide indium), CuInSe2 (selenium-ized copper indium), CuInTe2 (tellurium-ized copper indium), 
AgInS2 (silver sulfide indium), AgInSe2 (silver selenide indium), AgInTe2 (tellurium-ized silver 
indium), ZnSe (zinc selenide), ZnTe (zinc telluride), CdTe (cadmium telluride), Cu2S (copper sulfide), 
Cu2Se (selenium-ized copper), etc. are mentioned. 

[0077] What mixed solutes which serve as a raw material element in a solvent, such as a sulfation object 
and a chloride, as said electrolyte is used, and water (pure water, distilled water, etc.) is used as an 
electrolytic solvent. However, when impressing the electrical potential difference which hydrogen 
generates by the electrolysis of water to **, said solvent can use the organic substance as a nonaqueous 
solution. An acetonitrile, dimethylformamide, propylene carbonate, etc. can be used as an organic 
solvent. Moreover, inorganic nonaqueous solutions, such as Uquid ammonia and a liquid sulfur dioxide, 
can be used for said nonaqueous solution as said solvent. 

[0078] If said solute is meltable to said solvent including the element which constitutes the compound 
semiconductor made to deposit on said porosity semi-conductor layers, such as a sulfiuic-acid object 
and a chloride, it is good. For example, as a sulfiiric-acid object, the first copper of a sulfuric acid, 
indium sulfate, a sulfiiric-acid gallium, silver sulfate, a zinc sulfate, a cadmium sulfate, etc. are 
mentioned. Moreover, as a chloride, compounds, such as a cuprous chloride, indium chloride, a gallium 
chloride, a silver chloride, a zinc chloride, and a cadmium chloride, are mentioned, and these are used as 
a reduction type solute. Said solute is not limited to the above-mentioned compound, may be used by the 
one-sort independent, and may be used together two or more sorts. Moreover, a selenium dioxide, a 
hydro acid selenium, tellurium oxide, a hydro acid tellurium, a sodium thiosulfate, thiourea, etc. can be 
used as an oxidation type solute as said solute. 

[0079] When the above oxidation type solutes are used, deposition of the element ion contained in this 
oxidation type solute can be urged by adjusting hydrogen ion concentration. Regulators, such as a 
sulfuric acid and a hydrochloric acid, can adjust said hydrogen ion concentration. The hydrogen ion 
concentration adjusted with said regulator has desirable pH 0.9-4.0, and its pH 1.5-2.5 is more desirable. 

[0080] As said electrolyte, in order to obtain electrolytic energization nature in [ other than the above- 
mentioned compound ] an electrolyte, the supporting electrolyte constituted fi^om an inactive substance 
which does not participate in electrolytic reduction can also be added. As a supporting electrolyte, 
NaC104 (sodium chlorate), LiC104 (chloric-acid lithium), etc. are mentioned, for example. Said 
supporting electrolyte has desirable content of the amount of 0.05 - 1 mol/1. 

[0081] When deposition of said compound semiconductor advances, in order to raise required adhesion, 
an additive can also be put in into said electrolyte. As said additive, an amine, alkaloid, a sulfonic acid, a 
mercaptan, a sulfide, etc. are mentioned. 

[0082] In order to impress an electrical potential difference to inter-electrode [ which counters the 
transparent porosity semi-conductor layer which penetrates the light of the visible region arranged in 
said electrolyte, and said porosity semi-conductor layer ], a reference electrode can be used by using the 
third electrode as an electrical-potential-difference reference electrode. A reference electrode can also be 
used in order to control a fixed electrical potential difference or a fixed current to inter-electrode [ which 
counters said porosity semi-conductor layer and this porosity semi-conductor layer ]. A normal 
hydrogen electrode, a saturated calomel electrode, a standard silver-silver chloride electrode, a titrating 
acid-ized mercury electrode, etc. can be used for said reference electrode. 

[0083] As an electrode which counters said porosity semi-conductor layer arranged in said electrolyte, 
the ingredient which is hard to dissolve by electrical-potential-difference impression in a solution, i.e., 
an ingredient with a small ionization tendency, can be used. For example, platinum (Pt), gold (Au), 
silver (Ag), etc. are mentioned. 

[0084] As for the electrical potential difference impressed to inter-electrode [ which counters the 
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transparent porosity semi-conductor layer and this porosity semi-conductor layer which penetrate the 
light of the visible region arranged in said electrolyte ], it is more desirable than the oxidation reduction 
potential of the element ion of the compound containing the element which constitutes the compound 
semiconductor contained in said electrolyte to deposit that it is **. 

[0085] The content of the compound included in said electrolyte has desirable 5 - 400 mmol/1, its 5 - 20 
mmol/1 is more desirable in reduction type element ion deposition, and its 100 - 400 mmol/1 is more 
desirable in deposition of oxidation type element ion. The temperature of said solution has desirable 20- 
100 degrees C, and is more desirable. [ of 22-70 degrees C ] 

[0086] The electrical-potential-difference impression time amount at the time of said compound 
semiconductor stratification has 300 - 3600 desirable seconds, and is more desirable. [ of 800 - 2400 

seconds ] 

[0087] Moreover, said compound semiconductor deposited at this process can be calcinated, and it can 
also crystallize. Although it is dependent on the class of said compound semiconductor to deposit, 
crystallization temperature has desirable 50-600 degrees C, and is more desirable. [ of 150-600 degrees 
C ] The time amount of this crystallization has 1-60 desirable minutes, and is more desirable. [ of 15 - 
30 minutes ] 

[0088] - The 2nd formation approach - the formation approach of the 2nd compound semiconductor 
layer The transparent porosity semi-conductor layer which penetrates the light of the visible region 
formed on the transparent conductive film on a transparence insulating substrate into the solution 
containing one or more sorts of ion deposited at least is arranged. By the temperature control of said 
solution, and ion concentration adjustment, a reduction reaction is formed in a lifting and said compound 
semiconductor layer is formed on this porosity semi-conductor layer (Jounal of Applied Physics, vol.82, 
2, 655, 1997). 

[0089] This is called the chemistry bath depositing method, generates element ion with an oxidizer or a 
reducing agent, in order to stabilize this ion and to prevent fluctuation of a complexing agent and 
hydrogen ion concentration, it adds the stabilizer for preventing the spontaneous decomposition in a 
buffer and a solution etc., and the deposition of said compound semiconductor of it is attained on said 
porosity semi-conductor layer by these oxidation reduction reactions. Although said especially 
compound semiconductor produced at this process is not limited, ZnSe (zinc selenide), ZnTe (zinc 
telluride), CdTe (cadmium telluride), Cu2S (copper sulfide), Cu2Se (selenium-ized copper), etc. are 
mentioned. 

[0090] What mixed solutes which serve as ion in a solvent, such as a sulfation object and a chloride, is 
used for said solution. Water (pure water, distilled water, etc.) etc. is used as said solvent. Moreover, an 
organic solvent can also be used, for example, an acetonitrile, dimethylformamide, propylene carbonate, 
etc. can be used. Moreover, inorganic nonaqueous solutions, such as liquid ammonia and a liquid sulfiir 
dioxide, can also be used. 

[0091] Said solute should just contain the element which constitutes a compound semiconductor to 
deposit on said porosity semi-conductor layers, such as a sulfiiric-acid object and a chloride. For 
example, as a sulfiiric-acid object, the first copper of a sulfuric acid, indium sulfate, a sulfuric-acid 
gallium, silver sulfate, a zinc sulfate, a cadmium sulfate, etc. are mentioned. Moreover, as a chloride, a 
cuprous chloride, indium chloride, a gallium chloride, a silver chloride, a zinc chloride, a cadmium 
chloride, etc. are mentioned. As said solute, a selenium dioxide, a hydro acid selenium, tellurixim oxide, 
a hydro acid tellurium, a sodium thiosulfate, thiourea, etc. can be used preferably. 
[0092] When the above compounds are used, deposition of the element ion contained to this compound 
can be urged by adjusting hydrogen ion concentration. As a regulator for adjusting said hydrogen ion 
concentration, basic compounds, such as a sodium hydroxide and ammonium hydroxide, an inorganic 
acid, an organic acid, etc. can be used, for example. Moreover, the alkaU salt of what has a small 
dissociation constant, and an organic acid and an inorganic acid can be used for the buffer used in order 
to control fluctuation of said hydrogen ion concentration by inorganic acids, such as a thing of sodium- 
citrate sodium acetate and a hydroxy acid system, and a boric acid or carbonic acid. Moreover, 
ammonium hydroxide, a sodium citrate, sodium acetate, ethylene glycol, etc. can be used as a 
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complexing agent. 

[0093] A chloride, a leaden sulfide, a leaden nitrification object, etc. can be used as a stabilizer. The 
concentration of said compound containing the raw material element of the compound semiconductor in 
said solution has 1.0x10-3 - desirable 2 mol/1, and 2.0x10-2 - its 1 mol/1 are more desirable. 
[0094] The temperature of said solution has desirable 20-100 degrees C, and is more desirable. [ of 22- 
70 degrees C ] Moreover, the formation time amount of said compound semiconductor layer has 300 - 
3600 desirable seconds, and is more desirable. [ of 1200 - 2400 seconds ] 

[0095] Moreover, said compoimd semiconductor deposited at this process can be calcinated, and it can 
also crystallize. Although it is dependent on the class of said compound semiconductor to deposit, 
crystallization temperature has desirable 50-600 degrees C, and is more desirable. [ of 150-550 degrees 
C ] The time amount of this crystallization has 1-60 desirable minutes, and is more desirable. [ of 15 - 
30 minutes ] 

[0096] - The 3rd formation approach - the formation approach of the 3rd compound semiconductor layer 
In the solution included one or more sorts, at least a sodium thiosulfate and a metal ion The transparent 
porosity semi-conductor layer which penetrates the light of the visible region formed on the transparent 
conductive film on a transparence insulating substrate is arranged. Ultraviolet rays are irradiated at this 
porosity semi-conductor layer, the photoreaction is produced, and said compound semiconductor layer is 
formed on this porosity semi-conductor layer (Japan Joumal Applied Physics vol36, LI 146 1997). 
[0097] It is called the photochemistry depositing method, a compound generation reaction is triggered 
by optical pumping of the ion in a solution (thiosulfuric-acid ion etc.), and this can perform thickness 
control easily by the existence of an optical exposure, or change on the strength. Although said 
especially compound semiconductor produced at this process is not limited, CuGaS2 (copper sulfide 
gallium), CuInS2 (copper sulfide indium), AgInS2 (silver sulfide indium), Cu2S (copper sulfide), etc. 
are mentioned. 

[0098] What mixed solutes which serve as ion in a solvent, such as a sulfation object and a chloride, is 
used for said solution. Said solute should just contain the element which constitutes a compound 
semiconductor to deposit on said porosity semi-conductor layers, such as a sulfiiric-acid object and a 
chloride. For example, as a sulfiiric-acid object, the first copper of a sulfimc acid, indium sulfate, a 
sulfiiric-acid gallium, a cadmium sulfate, etc. are mentioned. Moreover, as a chloride, a cuprous 
chloride, indium chloride, a gallium chloride, a cadmium chloride, etc. are mentioned. 
[0099] Said solute is not limited to the above-mentioned compound, may be used by the one-sort 
independent, and may be used together two or more sorts. When the compound of the above oxidation 
types is used, deposition of the element ion contained to this oxidation type compound can be urged by 
adjusting hydrogen ion concentration. Regulators, such as a sulfuric acid, can adjust said hydrogen ion 
concentration. The hydrogen ion concentration adjusted with said regulator has desirable pH 1.5-4.0, 
and its pH 2.5-3.5 is more desirable. 

[0100] It is desirable to stir said solution and stirring by 60 or less rpm is desirable. Furthermore, the 
Ught used in order [ said ] to carry out optical pumping generates ultraviolet radiation with the source 
lamp of high-pressure mercury Ught etc., condenses with a single convex lens, and is irradiated on said 
porosity semi-conductor layer arranged in said solution. As for said single convex lens, being produced 
with quartz glass is desirable. 

[0101] The concentration of said compound containing the raw material element of the compound 
semiconductor in said solution has desirable 1.0-20 mmol/l, and its 2.0-10 mmol/l is more desirable. 
The temperature of said solution has desirable 20-40 degrees C, and is more desirable. [ of 22-35 
degrees C ] Moreover, the formation time amount of said compound semiconductor layer has 2400 - 
4800 desirable seconds, and is more desirable. [ of 3000 - 3600 seconds ] 

[0102] Moreover, said compound semiconductor deposited by the three above mentioned formation 
approaches can be calcinated, and it can also crystaUize. Although it is dependent on the class of said 
compound semiconductor to deposit, crystallization temperature has desirable 80-600 degrees C, and is 
more desirable. [ of 80-500 degrees C ] The time amount of this crystallization has 1 - 60 desirable 
minutes, and is more desirable. [ of 15 - 30 minutes ] Especially in the case of a sulfide system, in the 
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case of 80-400 degrees C and a selenium system, 400-600 degrees C is desirable but in the case of 300- 
550 degrees C and a tellurium system, and baking is not necessarily required. 
[0103] Although the solar battery of this invention is suitably producible by the above manufactiu-e 
approaches, it is not limited to these manufacture approaches. It is [ in / taking the above-mentioned 
thing into consideration / said solar battery ] very suitable that said compound semiconductor is CuInS2 
with a large absorption coefficient. The semiconductor device of said this invention can make the 
organic fluorescent material v^hich has a luminescence function in an organic layer or an organic 
monomolecular layer like the solar battery of the above-mentioned invention able to support, and Hght 
transparency **** can also realize a light emitting device by making it constitute from an ingredient 
which can be reflected in the inorganic semi-conductor layer produced in a solution. 
[0104] 

[Example] Hereafter, although the example of this invention is explained using drawing, this invention 
is not limited to these examples at all. In addition, drawing 3 is the outline sectional view of the solar 
battery produced in the examples 1-3, drawing 4 is the outline sectional view of the solar battery 
produced in the example 4, drawing 5 is the outline sectional view of the solar battery produced in the 
examples 5-6, drawing 6 is the outline sectional view of the solar battery produced in the exanaple 1 of a 
comparison, and drawing 7 is the outline sectional view of the solar battery produced in the example 2 
of a comparison. 

[0105] (Example 1) The ITO film was covered with rf spatter in thickness of 10 micrometers as 
transparent conductive film 2 in the upper part, using a glass plate as a transparence insulating substrate 
1 of drawing 3 . Furthermore, covering of Ag was also performed as a lower ejection metal electrode 3 
of the transparent conductive film 2 in dc spatter. 

[0106] Next, as a buffer layer 4, in thickness of 0.2 micrometers, Ti sol gel solution was used and the 
precise film of Ti02 was covered. Used Ti sol gel solution trickled and prepared the solution which 
diluted titanium isopropoxide 28. 3g with 100ml dehydrated ethanol, and diluted 2.7ml of 2-N 
hydrochloric acids with 100ml dehydrated ethanol. After applying obtained Ti sol gel solution to the 
deposition substrate and carrying out a spin coat on the conditions for 40 seconds by 2000rpm, baking 
for 20 minutes was performed at 500 degrees C, and the buffer layer 4 was formed. Here, the above- 
mentioned spin coat and baking processing went repeatedly twice, in order to realize desired thickness. 
[0107] Next, Ti02 was formed in the thickness of 1.0 micrometers with the solution by the compound 
gelling method as a porosity semi-conductor layer 5. After mixing titanium isopropoxide 7g, ethanol 
20ml, 0.4g of water, and 0.55g of nitric acids at the room temperature among nitrogen and leaving it in 
2-hour nitrogen, the solution by the compound gelling method used here added 2.5g of polyacrylic acid, 
hydrolyzed, was left for 48 hours and prepared. After applying the obtained solution to the substrate in 
which the buffer layer 4 was formed and carrying out a spin coat on the conditions for 40 seconds by 
2000rpm, baking for 20 minutes was performed at 450 degrees C, and the porosity semi-conductor layer 
5 was formed. The above-mentioned spin coat and baking processing were repeatedly performed here 10 
times, in order to realize thickness of said request. 

[0108] In addition, since the above-mentioned buffer layer 4 and the above-mentioned porosity semi- 
conductor layer 5 are formed with the spin coat and they will be formed also on the lower ejection metal 
electrode 3, whenever it carried out the spin coat of them, they used ethanol as a solvent, and wiped off 
the buffer layer 4 and the porosity semi-conductor layer 5 on the lower ejection metal electrode 3. 
Subsequently, the lower ejection metal-electrode 3 top was covered by the resist. Same actuation was 
performed also in the following examples. 

[0109] Furthermore, CdTe which consists of an II- VI element was made to deposit on the upper part of 
the porosity semi-conductor layer 5 by electrolytic deposition as a compound semiconductor layer 6. 
Here, the electrolyte used for electrolytic deposition dissolved in water so that the concentration of 
cadmium-sulfate 8 hydrate, a cadmium chloride hydrate, and tellurium oxide might serve as 20 mmol/1, 
20 mmol/1, and 10 mmol/1, respectively, and what was adjusted to hydrogen ion concentration 2.0 with 
the sulfiiric acid was used. Water-solution temperature was made mto 90 degrees C by having used as 
the working electrode the substrate which used the platinimi (Pt) electrode as the counterelectrode, and 
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used the Ag/AgCl electrode as the reference electrode, and formed said porosity semi-conductor layer 5, 
and CdTe was made to deposit to said reference electrode on the conditions for 20mV, and electrical- 
potential-difference impression time amount 3600 seconds. The thickness of the obtained CdTe 
compound semiconductor layer 6 was 2 micrometers. 

[0110] Finally, platinum was deposited in dc spatter on the compoimd semiconductor layer 6, the up 
metal electrode 7 was formed, and the solar battery was produced. To the produced solar battery, the 
light of AM 1.5 and optical on-the-strength 100 mW/cm2 was irradiated from the transparence 
insulating-substrate 1 side, and each property (open circuit voltage, a short-circuit current, a curvilinear 
factor, conversion efficiency) was measured and evaluated. 

[0111] (Example 2) The transparent conductive film 2, the lower ejection metal electrode 3, the buffer 
layer 4, and the porosity semi-conductor layer 5 were formed on the transparence insulating substrate 1 
of drawing 3 like the example 1. 

[01 12] Furthermore, Cu2S which consist of an I- VI element as a compound semiconductor layer 6 were 
made to deposit on the upper part of the porosity semi-conductor layer 5 in a chemistry bath deposit. 
What dissolved in water and prepared the sodium thiosulfate and the copper sulfate so that it might 
become the concentration of 400 mmol/1 and 30 mmol/1, respectively was used for the water solution 
used for the chemistry bath deposit. And the substrate which formed said porosity semi-conductor layer 
5 on the conditions for 45 degrees C, and penetration time 10 minutes was made to permeate among the 
obtained water solution, and Cu2S were made to deposit. Under the present circumstances, the thickness 
of the Cu2S compound semiconductor layer 6 was 0.1 micrometers. Furthermore, it calcinated at 150 
degrees C in air, and the crystalUnity of a compound semiconductor has been improved, 
[0113] Finally, platinum was deposited in dc spatter on the compound semiconductor layer 6, the up 
metal electrode 7 was formed, and the solar battery was produced. About the produced solar battery, it 
was similarly estimated as the example 1. 

[01 14] (Example 3) The transparent conductive film 2, the lower ejection metal electrode 3, the buffer 
layer 4, and the porosity semi-conductor layer 5 were formed on the transparence insulating substrate 1 
of drawing 3 like the example 1 . 

[0115] Furthermore, CuInS2 which consists of an I-III-VI element as a compound semiconductor layer 6 
was made to deposit on the upper part of the porosity semi-conductor layer 5 in a photochemistry 
deposit. The water solution used for the photochemistry deposit dissolved in water so that the 
concentration of a copper sulfate, indium sulfate, and a sodium thiosulfate might serve as 30 mmol/1, 15 
mmol/l, and 400 mmol/1, respectively, and what was adjusted to hydrogen ion concentration 2.5 with the 
sulfuric acid was used. The substrate which formed said porosity semi-conductor layer 5 on the 
conditions for penetration time 60 minutes by 25 degrees C of solution temperature is made to permeate, 
the light which condensed high-pressure-mercury-lamp light with the lens was irradiated, and the 
deposited part was made to deposit CuInS2 among a water solution. It was made to crystallize by 
performing amorphous CuInS2 obtained compound semiconductor at 400 degrees C for baking 30 
minutes. The thickness of the compound semiconductor layer 6 deposited at this time was 1.5 
micrometers. 

[0116] Finally, platinum was deposited in dc spatter on the compound semiconductor layer 6, the up 
metal electrode 7 was formed, and the solar battery was produced. About the produced solar battery, it 
was similarly estimated as the example 1. 

[0117] (Example 4) The ITO fihn was covered with rf spatter in thickness of 10 micrometers as 
transparent conductive film 2 in the upper part, using a glass plate as a transparence insulating substrate 
1 of drawing 4 . Furthermore, covering of Ag was also performed as a lower ejection metal electrode 3 
of the transparent conductive film 2 in dc spatter. 

[0118] Next, Ti02 was formed in the thicloiess of 1.0 micrometers with the solution by the compoimd 
gelling method as a porosity semi-conductor layer 5. After mixing titanium isopropoxide 7g, ethanol 
20ml, 0.4g of water, and 0.55g of nitric acids at the room temperature among nitrogen and leaving it in 
2-hour nitrogen, the solution by the compoimd gelling method used here added 2.5g of polyacryhc acid, 
hydrolyzed, was left for 48 hours and prepared. After applying the obtained solution to the deposition 
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substrate and carrying out a spin coat on the conditions for 40 seconds by 2000rpm, baking for 20 
minutes was performed at 450 degrees C, and the porosity semi-conductor layer 5 was formed. The 
above-mentioned spin coat and baking processing were repeatedly performed here 10 times, in order to 
reaUze thickness of said request. 

[01 19] Next, it was immersed in the ethanol solution (concentration 10-3 mol/1) of Ru complex 
expressed with the following structure expression (1) in said porosity semi-conductor layer 5, and 
adsorption treatment by sensitizing dye 9 was performed. 
[0120] 

t Formula 1] 
(1) 




HOOC . COOH 



[0121] Furthermore, CuInSe2 which consists of an I-III-VI element as a compound semiconductor layer 
6 was made to deposit on the upper part by electrolytic deposition. The electrolyte used for electrolytic 
deposition dissolved in water so that the concentration of the first copper of a sulfuric acid, indium 
sulfate, and a hydro acid selenium might serve as 30 nmiol/1, 15 mmol/1, and 400 mmol/1, respectively, 
and what was adjusted to hydrogen ion concentration 1,8 in the citric acid was used. Water-solution 
temperature was made into 25 degrees C by having used as the working electrode the substrate which 
used the platinum (Pt) electrode as the counterelectrode, and used the Ag/AgCl electrode as the 
reference electrode, and formed said porosity semi-conductor layer 5, and CuInSe2 was made to deposit 
to said reference electrode on condition that - IV and amount of impregnation charges 3C (coulomb). 
The thickness of the obtained CuInSe2 compound-semiconductor layer 6 was 2 micrometers. 
[0122] Finally, the work function deposited large platinum as much as possible in dc spatter, the up 
metal electrode 7 was formed on the compound semiconductor layer 6, and the solar battery was 
produced. About the produced solar battery, it was similarly estimated as the example 1. 
[0123] (Example 5) The ITO film was covered with rf spatter in thickness of 10 micrometers as 
transparent conductive film 2 in the upper part, using a glass plate as a transparence insulating substrate 
1 of drawing 5 . Furthermore, covering of Ag was also performed as a lower ejection metal electrode 3 
of the transparent conductive film 2 in dc spatter. 

[0124] Next, as a buffer layer 4, in thickness of 0.2 micrometers, Ti sol gel solution was used and the 
precise film of Ti02 was covered. Used Ti sol gel solution trickled and prepared the solution which 
diluted titanium isopropoxide 0.1ml with 100ml dehydrated ethanol, and diluted 2.7ml of 2-N 
hydrochloric acids with 100ml dehydrated ethanol. After applying obtained Ti sol gel solution to the 
deposition substrate and carrying out a spin coat on the conditions for 40 seconds by 2000rpm, baking 
for 20 minutes was performed at 450 degrees C, and the buffer layer 4 was formed. Here, the above- 
mentioned spin coat and baking processing went repeatedly twice, in order to realize desired thickness. 
[0125] Next, Ti02 was formed in the thickness of 1.0 micrometers with the solution by the compound 
gelling method as a porosity semi-conductor layer 5. After mixing titanium isopropoxide 7g, ethanol 
20ml, 0.4g of water, and 0.55g of nitric acids at the room temperature among nitrogen and leaving it in 
2-hour nitrogen, the solution by the compound gelling method used here added 2.5g of polyacrylic acid, 
hydrolyzed, was left for 48 hours and prepared. After applying the obtained solution to the substrate in 
which the buffer layer 4 was formed and carrying out a spin coat on the conditions for 40 seconds by 
2000rpm, baking for 20 minutes was performed at 450 degrees C, and the porosity semi-conductor layer 
5 was formed. The above-mentioned spin coat and baking processing were repeatedly performed here 10 
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times, in order to realize thickness of said request. 

[0126] Next, it was immersed in the ethanol solution (concentration 10-3 mol/1) of Ru complex 
expressed with said structure expression (1) in said porosity semi-conductor layer 5, and adsorption 
treatment by sensitizing dye 9 was performed. 

[0127] Furthermore, CdTe which consists of an II- VI element was made to deposit on the upper part by 
electrolytic deposition as a compound semiconductor layer 6. Here, the electrolyte used for electrolytic 
deposition dissolved in water so that the concentration of cadmium-sulfate 8 hydrate, a cadmium 
chloride hydrate, and tellurium oxide might serve as 20 mmol/1, 20 nmiol/1, and 10 mmol/1, respectively, 
and what was adjusted to hydrogen ion concentration 2.0 with the sulfuric acid was used. Water-solution 
temperature was made into 25 degrees C by having used as the working electrode the substrate which 
used the platinum (Pt) electrode as the counterelectrode, and used the Ag/AgCl electrode as the 
reference electrode, and formed said porosity semi-conductor layer 5, and CdTe was made to deposit to 
said reference electrode on the conditions for -700mV, and electrical-potential-difference impression 
time amount 3600 seconds. The thickness of the obtained CdTe compound semiconductor layer 6 was 2 
micrometers. 

[0128] Finally, the work function deposited large platinum as much as possible in dc spatter, the up 
metal electrode 7 was formed on the compound semiconductor layer 6, and the solar battery was 
produced. About the produced solar battery, it was similarly estimated as the example 1. 
[0129] (Example 6) The transparent conductive film 2, the lower ejection metal electrode 3, a buffer 
layer 4, the porosity semi-conductor layer 5, and sensitizing dye 9 were formed on the transparence 
insulating substrate 1 of drawing 5 like the example 5. 

[0130] Furthermore, electrolytic deposition was made to deposit on the upper part CuInS2 which 
consists of an I-III-VI element as a compound semiconductor layer 6. The electrolyte used for 
electrolytic deposition dissolved in water so that the concentration of the first copper of a sulfuric acid, 
indium sulfate, and a sodium thiosulfate might serve as 20 mmol/1, 20 mmol/1, and 10 mmol/1, 
respectively, and what was adjusted to hydrogen ion concentration 1.5 with the sulfuric acid was used. 
Temperature of this water solution was made into the room temperature by having used as the working 
electrode the substrate which used the platinum (Pt) electrode as the counterelectrode, and used the 
Ag/AgCl electrode as the reference electrode, and formed said porosity semi-conductor layer 5, and 
CuInS2 was made to deposit to said reference electrode on condition that -1 lOOmV and amount of 
impregnation charges 2C. The thickness of the obtained CuInS2 compound-semiconductor layer 6 was 2 
micrometers. 

[0131] Finally, the work function deposited large platinum as much as possible in dc spatter, the up 
metal electrode 7 was formed on the compound semiconductor layer 6, and the solar battery was 
produced. About the produced solar battery, it was similarly estimated as the example 1 . 
[0132] (Example 1 of a comparison) The ITO film was covered with rf spatter in thickness of 10 
micrometers as transparent conductive film 2 in the upper part, using a glass plate as a transparence 
insulating substrate 1 of drawing 6 . Furthermore, covering of Ag was also performed as a lower ejection 
metal electrode 3 of the transparent conductive fihn 2 in dc spatter. 

[0133] Next, Ti02 was formed in the thickness of 1.0 micrometers with the solution by Ti sol gel 
process as a precise transparence semi-conductor layer 8. Used Ti sol gel solution trickled and prepared 
the solution which diluted titanium isopropoxide 28.3g with 100ml dehydrated ethanol, and diluted 
2.7ml of 2-N hydrochloric acids with 100ml dehydrated ethanol. After applying obtained Ti sol gel 
solution to the deposition substrate and carrying out a spin coat on the conditions for 40 seconds by 
2000rpm, baking for 20 minutes was performed at 450 degrees C, and the precise transparence semi- 
conductor layer 8 was formed. Here, the above-mentioned spin coat and baking processing went 
repeatedly 10 times, in order to realize thickness of said request. 

[0134] Furthermore, CdTe which consists of an II- VI element as a compound semiconductor layer 6 was 
made to deposit on the upper part by electrolytic deposition. The electrolyte used for electrolytic 
deposition dissolved in water so that the concentration of cadmium-sulfate 8 hydrate, a cadmium 
chloride hydrate, and tellurium oxide might serve as 30 mmol/1, 15 mmol/1, and 400 mmol/1. 
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respectively, and what was adjusted to hydrogen ion concentration 2.0 with the sulfuric acid was used. 
The platinum (Pt) electrode was used as the counterelectrode, the Ag/AgCl electrode was used as the 
reference electrode, and CdTe was made to deposit on 90-degree C conditions among 20mV and a water 
solution to said reference electrode by using as a working electrode the substrate in which said precise 
transparence semi-conductor layer 8 was formed. The thickness of the CdTe compound semiconductor 
layer 6 at this time was 2 micrometers. 

[0135] Finally, platinum was deposited in dc spatter on the compound semiconductor layer 6, the up 
metal electrode 7 was formed, and the solar battery was produced. About the produced solar battery, it 
was similarly estimated as the example 1. 

[0136] (Example 2 of a comparison) The transparent conductive film 2, the lower ejection metal 
electrode 3, a buffer layer 4, the porosity semi-conductor layer 5, and sensitizing dye 9 were formed on 
the transparence insulating substrate 1 of drawing 7 like the example 5. 

[0137] After sticking the substrate with which this porosity semi-conductor layer 5 was formed, and the 
ITO glass 1 with which the thin layer of platinum 1 1 A was prepared as a counterelectrode, it left a part 
of openings, the seal of the end face was carried out with the epoxy adhesive, the electrolytic solution 
was infiltrated among both sheets using the capillary phenomenon, the non-aqueous system electrolyte 
layer 10 was formed, and the solar battery was produced. As the electrolytic solution, that in which tetra- 
propyl iodide 1.44g and 0.076g of iodine were dissolved was used into 10ml (volume ratio 4:1 
comparatively) of mixed solutions of ethylene carbonate and an acetonitrile. About the produced solar 
battery, it was similarly estimated as the example 1. The evaluation result of the above-mentioned 
examples 1-6 and the examples 1-2 of a comparison is shown in the following table 1. 
[0138] 
[Table 1] 
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[0139] From the result of Table 1, as for the solar battery of this invention of examples 1-6, 
improvement in a property was accepted more compared with the conventional solar battery (examples 1 
and 2 of a comparison). That is, in each example, rather than the pn junction in which the pn junction 
formed of a porosity semi-conductor layer and a compound semiconductor layer is formed of the precise 
transparence semi-conductor layer and compound semiconductor layer of the example 1 of a 
comparison, since the Fermi level difference was optimized, the reason open circuit voltage and whose 
curvilinear factor improved is considered. Moreover, since porosity is used for junction, the absolute 
magnitude of the electron which can pass junction increases and the reason whose short-circuit current 
improved is considered because the carrier generated by the light absorption by the compound 
semiconductor layer can be taken out effectively, when the effective plane-of-composition product 
increased. Moreover, the solar battery of the example 2 of a comparison was able to reduce the 
impedance by using a compound semiconductor layer in the example, although it does not have a 
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compound semiconductor layer on the layer, but it has the porosity semi-conductor layer and the 
impedance of a solar battery has become high compared with an example, since the non-aqueous system 
electrolyte layer on a porosity semi-conductor layer is equivalent to the electric resistance by ion path 
length. 

[0140] (Example 7) The sensitizing dye layer was formed in the front face of this single crystal Ti02 

substrate as an organic monomolecular layer 32, using single crystal Ti02 substrate as 1st inorganic 
conductor-layer base 31 of drawing 8 . This sensitizing dye layer was immersed in the ethanol solution 
(concentration 10-3 mol/1) of Ru complex which expresses this single crystal Ti02 substrate with the 
above-mentioned structure expression (1), and formed by performing coloring matter adsorption 
treatment. CuInS2 which consists of an I-III-VI element as 2nd inorganic semi-conductor layer 33 was 
made to deposit on the upper part of this organic monomolecular layer 32 by electrolytic deposition. The 
electrolyte used for electrolytic deposition dissolves in water so that the concentration of the first copper 
of a sulfuric acid, indium sulfate, and thiourea may serve as 30 nmiol/1, IS mmol/1, and 125 mmol/1, 
respectively, and what was adjusted to hydrogen ion concentration 1.8 with the sulfuric acid is used. 
CuInS2 is made to deposit to said reference electrode on condition that -IV, 25 degrees C of water 
solutions, and amount of impregnation charges 3C (coulomb) by using as a working electrode single 
crystal Ti02 substrate which platinum (Pt) is supported for a counterelectrode and made the Ag/AgCl 
electrode and said organic monomolecular layer 32 support a reference electrode. Behind, the sample 
which deposited this CuInS2 dried in 50-degree-C atmospheric air. 

[0141] The layer formed by the electrolytic deposition described above at this time is CuInS2 from the 
measurement result of XRD (X-ray Diffractmeter: X diffraction), and it has checked that the desired 
ingredient had accumulated. The thickness of CuInS2 deposited at this time is 2 micrometers. Finally, 
on CuInS2, by sticking by pressure, a work function deposits large platinum as much as possible, and 
forms an up metal electrode (not shown). The optoelectric transducer of this invention was produced at 
the above processes. 

[0142] The current (photocurrent) which generates the homogeneous light of optical on-the-strength 1 
mW/cm2 for this component in this homogeneous light while irradiating for every specific wavelength 
is measured to the optoelectric transducer shown in drawing 8 produced at this process, and the 
measurement result is shown in drawing 1 1 , This result showed that the wavelength sensibility property 
equivalent to the supported sensitizing dye appeared, and the current had occurred [ this sensitizing dye 
monomolecular layer ] according to sensitization in light. Based on the principle as which each electron 
hole generated with light described this in said explanation, it turned out that this optoelectric transducer 
is operating. 

[0143] (Example 8) Porosity Ti02 is formed by the compound gelling method as an inorganic porosity 
semi-conductor layer 42 on this single crystal Ti02 substrate at the thickness of 0.2 micrometers, using 
single crystal Ti02 substrate as 1st inorganic semi-conductor layer base 41 of drawing 9 . After mixing 
titanium isopropoxide 7g, ethanol 20ml, 0.4g of water, and 0.55g of nitric acids in room temperature 
nitrogen and leaving it in 2-hour nitrogen, add 2.5g of polyacrylic acid and it was made to hydrolyze 
(20g of water), and the solution used by the compound gelling method for forming this porosity TiO 
two-layer was left for 48 hours, and was produced. Porosity TiO two-layer applied the solution 
described above on the single crystal Ti02 substrate with the spin coat method on 2000rpm and the 
conditions for 40 seconds, and formed by performing 450-degree-C baking for 20 minutes. At this time, 
a coat and baking went repeatedly twice, in order to realize thickness of said request. Next, the 
polymethylmethacrylate of optimum dose is mixed with Ru complex which expresses with the above- 
mentioned structure expression (1) to methanol solution, and dispersion liquid are produced on porosity 
TiO two-layer. An organic layer 43 carries out the spin coat of these dispersion liquid on 2000rpm and 
the conditions for 40 seconds, dries them among 50-degree-C atmospheric air, and is produced. 
[0144] CuInS2 which consists of an I-III-VI element as 2nd inorganic compound semi-conductor 44 was 
made to deposit by electrolytic deposition on this organic layer 43. The electrolyte used for electrolytic 
deposition dissolves in water so that the concentration of the first copper of a sulfiiric acid, indium 
sulfate, and thiourea may serve as 30 mmol/1, 15 mmol/1, and 125 mmol/1, respectively, and what was 
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adjusted to hydrogen ion concentration 1.8 with the sulfuric acid is used. CuInS2 is made to deposit to 
said reference electrode on condition that -IV, 25 degrees C of water solutions, and amount of 
impregnation charges 3C (coulomb) by using as a working electrode single crystal Ti02 substrate which 
platinum (Pt) is supported for a counterelectrode and made an Ag/AgCl electrode, said organic layer 43, 
and porosity TiO two-layer support a reference electrode. Behind, the sample which deposited CuInS2 
dried in 50-degree-C atmospheric air. The layer formed by the electrolytic deposition described above at 
this time is CuInS2 from the measurement result of XRD (X-ray Diffractmeter: X diffraction), and has 
checked that the desired ingredient had accumulated. This CuInS two-layer thickness is about 2 
micrometers. Finally, on CuInS two-layer, by sticking by pressure, a work function deposits large 
platinum as much as possible, and forms an up metal electrode (not shown). 
[0145] The solar battery of this invention was produced at the above processes. It is optical on-the- 
strength 100 mW/cm2 to this solar battery element. The short-circuit current (optical electromotive 
style) which flows between a photoelectrical pole and a counterelectrode was measured irradiating false 
sunlight. Consequently, conversion efficiency is 3.33 % and functioning as a good solar battery became 
clear. 

[0146] (Example 9) It forms porosity TiO two-layer by the compound gelling method as an inorganic 
porosity semi-conductor layer 52 on this single crystal Ti02 substrate at the thickness of 0.2 
micrometers, using single crystal Ti02 substrate as 1st inorganic semi-conductor layer 51 of drawing 
10 . After mixing titanium isopropoxide 7g, ethanol 20ml, 0.4g of water, and 0.55g of nitric acids in 
room temperature nitrogen and leaving it in 2-hour nitrogen, add 2.5g of polyacrylic acid and it was 
made to hydrolyze (20g of water), and the solution used by the compound gel for forming this porosity 
TiO two-layer was left for 48 hours, and was produced. Porosity TiO two-layer appHed the solution 
described above on the single crystal Ti02 substrate with the spin coat method on 2000rpm and the 
conditions for 40 seconds, and formed by performing 450 degrees C and baking for 20 minutes. At this 
time, a coat and baking-went repeatedly twice, in order to realize thickness of said request. The 
sensitizing dye layer was formed as an organic monomolecular layer 53. This sensitizing dye layer was 
immersed in the ethanol solution (concentration 10-3 mol/1) of Ru complex which expresses with the 
above-mentioned structure expression (1) the single crystal Ti02 in which it formed this porosity TiO 
two-layer, and formed the deed for coloring matter adsorption treatment, 

[0147] CuInS2 which consists of an I-III-VI element as 2nd inorganic semi-conductor layer 54 was 
made to deposit by electrolytic deposition on this organic layer 53. The electrolyte used for electrolytic 
deposition dissolves in water so that the concentration of the first copper of a sulfuric acid, indium 
sulfate, and thiourea may serve as 30 mmol/1, 15 mmol/1, and 125 mmol/1, respectively, and what was 
adjusted to hydrogen ion concentration 1.8 with the sulfuric acid is used. CuInS2 is made to deposit to 
said reference electrode on condition that -IV, 25 degrees C of water solutions, and amount of 
impregnation charges 5C (coulomb) by using as a working electrode single crystal Ti02 substrate which 
platinum (Pt) is supported for a counterelectrode and made an Ag/AgCl electrode, said organic 
monomolecular layer 53, and porosity TiO two-layer support a reference electrode. Behind, the layer 
which deposited CuInS2 dried in 50 degrees C and atmospheric air. The layer formed by the electrolytic 
deposition described above at this time is CuInS2 from the measurement result of XRD (X- 
rayDiffractmeter: X diffraction), and it has checked that the desired ingredient had accumulated. This 
CuInS two-layer thickness is about 2 micrometers. Finally, on CuInS two-layer, by sticking by pressure, 
a work function deposits large platinum as much as possible, and forms an up metal electrode (not 
shown). Moreover, it formed by the welding of an indium metal as a lower electrode. 
[0148] The solar battery of this invention was produced at the above processes. It is 2 the optical 
reinforcement of lOOmW/cm to this solar battery element. The short-circuit current (optical 
electromotive style) which flows between a photoelectrical pole and a counterelectrode was measured 
irradiating false sunlight. Consequently, conversion efficiency is 4.62 % and functioning as a good solar 
battery became clear. 

[0149] (Example 3 of a comparison) Porosity TiO two-layer and a sensitizing dye layer were formed on 
single crystal Ti02 substrate like the example 9. Furthermore, said porosity TiO two-layer side of single 
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crystal Ti02 substrate which prepared the porosity TiO two-layer which supported the above-mentioned 
sensitizing dye layer, To the Pt side of the counterelectrode which supported Pt with dc spatter on the 
glass substrate The spin coat of what mixed poly FERIN which serves as a hole transportation layer into 
this methylene chloride so that it might become 5wt(s)% was carried out on 2000rpm and the conditions 
for 40 seconds, using a methylene chloride as a solvent, and the hole transportation layer was formed. 
By lamination vacuum processing, welding of both was carried out and poly FERIN / sensitizing dye / 
porosity titanium oxide / single crystal titanium structure was produced so tiiat the hole transportation 
layer of both substrates might be opposed. 

[0150] It is optical on-the-strength 100 mW/cm2 to the solar battery element of this structure. The short- 
circuit current (optical electromotive style) which flows between a photoelectrical pole and a 
counterelectrode was measured irradiating false sunlight. Consequently, although conversion efficiency 
became a very low value and being functioned as a solar battery, it tumed out that it is inferior to the 
solar battery of this invention in respect of the engine performance. In addition, the result of an example 
8, an example 9, and the example 3 of a comparison is collectively shown in Table 2 for a comparison. 



[0151] 
Table 21 
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[0152] 

[Effect of the Invention] According to the semiconductor device of this invention, the solar battery 
excellent in the energy conversion efficiency can be offered. Moreover, without according to the 
manufacture approach of the semiconductor device of this invention, being able to use the compound 
gelling method, electrolytic deposition, a chemistry bath deposit, and a photochemistry deposit for 
production of a porosity semi-conductor layer or a compound semiconductor layer, and using expensive 
equipment for it for this reason, the production area limit by the equipment scale cannot be received, but 
the solar battery which can attain the cost reduction, and energy saving and large-area-izing at the time 
of production can be offered. 



[Translation done.] 
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